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Aluminum Company of America 
PITTSBURGH, PA. 


Manufacturers of Aluminum 


Ingot, Sheet, Tubing, Wire, 
Rod, Rivets, Moulding 


General Sales Office, 2400 Oliver Building, Pittsburgh, Pa. 


Branch Offices: | 


Boston. ... are ........-131 State Street , 
Chicago....... _..1500 Westminster Building | 
Cleveland. ..... 950 Leader-News Building | 
Detroit... . ..1512 Ford Building 
Kansas City. . 308 R. A. Long Building | 


Los Angeles ( Pierson, Roeding & Co., Agents | 
494 Pacific Electric Building 


New York. — a —— Broadway | 
Philadelphia _... 1216-1218 Widener Building | 
Rochester. ........ _..1112 Granite Building 


| 
| 
San Francisco ( Pierson, Roeding & Co., Agents | 
731 Rialto Building | 

Seattle (Pierson, Roeding & Co., Agents 
523 Colman Building 


W ashineton .. .509 Metropolitan Bank Building 


Send inquiries regarding aluminum in any form to nearest 


Branch Office, or to General Sales Office 1) 
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Hall-Scott 
A-8 Airplane Engine 


300 H. P. 

12 Cylinders 
Exhaustive tests completed 
May Ist, 1917 
Parts interchangeable with 
those of 4, 6 and 8 cylinder 
engines—an exclusive Hall- 

Scott Feature. 
HALL-SCOTT 
MOTOR CAR CO. 
Crocker Building 
_ San Francisco, California... 


_ Eastern Representativerr- 
F. P. WHITAKER 


165 Broadway 
New vork YY 
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A STURTEVANT 210 H. P. ENGINE 
propelled the L. W. F. Machine 
on its record-breaking flight 


from Rantoul to San Antonio 





























(REG. U.S. PAT. OFF.) 


B. F. STURTEVANT COMPANY 
Hyde Park, Boston, Massachusetts 


Member of the Aircraft Manufacturers’ Association, Inc. } 
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Where Every Ounce Counts-| | 


Cutting an ounce from the weight of an airplane is like 
taking two or three pounds from a motor-car. tl 


For in the airplane—a thing of skin and bones, as someone ir 
has called it—every little saving in weight is a saving off 
power. 


To reduce weight without sacrificing strength has been 
one of the vital problems of airplane engineering. 


Happily for everyone concerned in the success of American 
airplane building, makers of our aircraft found ready to their 
hand a group of remarkable aluminum alloys—Lynite. 


By using Lynite instead of cast-iron, they have been 
able, in many cases, to cut as much as two-thirds from the 
weight of various parts. em 


What this means where every ounce counts is easily — Ly: 
appreciated when you know that in -the Hall-Scott four | e2 
cylinder engine the Lynite rough castings weigh 113 
pounds, while the same castings in iron would weigh about 
340 pounds. 
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Less Weight for More Power 


Weight reduction, moreover, is but one cf the advantages 
that come with the use of Lynite. Another scarcely less 
important is its ability to carry off heat about three times 
as fast as cast-iron. 


Following is a partial list of airplane parts now being 
made of Lynite and in use by Curtiss, Hall-Scott, 
Thomas-Morse, Duesenberg, Kessler and others— 


Cylinders Intake Manifolds Camshaft Housings 
Crank-Cases ExtensionHousings Rocker-ArmCovers 
Pistons Gear-Covers Elbows 

Oil-Pans Breather Pipes Hot-Air Pans 
Pump-Covers and Caps Footbar-Control 
Water-Pumps Support Blocks 


The excellence of Lynite is largely due to the scientific methods 
employed in its production. The same expertness is applied to the 
making of Lynux Bronzes, a group of alloys for various purposes. 
Lynux Bushings and Bearings, including bronze-back babbitt-lined 
bearings, have made proud records in many kinds of service. 


THE ALUMINUM CASTINGS COMPANY 
LYNITE and LYNUX Castings 
Cleveland Detroit Buffalo Manitowoc, Wis. Fairfield, Conn. 
Address correspondence to Dept. 141, Cleveland, Ohio 
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NEW 
ENDURANCE RECORD 


GUNN HAR 





Established by 


Union Airplane Motor 
at U. S. Aeronautical 
Testing Laboratory, 
Navy Yard, Washing- 
ton, D.C. 


Best previous record ex- 
ceeded by fifty per cent. 


iH I HITIITEUIOUTUETEELUETOE EH AT nny HANNIAINTHINNH HAA ly | HALHHHTHNINILE 


UNION GAS ENGINE COMPANY 


ESTABLISHED 1885 


OAKLAND ; ‘ : CALIFORNIA | 
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Factories, Plainfield, N. J., Elizabeth, N. J. 
Executive offices, Woolworth Bldg. 
New York City 


STANDARD 
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Watch the thousands of airplanes 
that are daily performing records 
for endurance flights—watch the 
performance of its parts. 


An SKF equipped airplane is bet- 
ter fitted for the gruelling grind of 
air service—more competent to last 
through the racking strain of endur- 
ance flights because its full power 
is transmitted to the propeller with 
an absolute minimum of friction. 


SIF’ SALL BEARING CO. |; 


HARTFORD 
CONN. 
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CONTRACTORS TO 


The United States Army and Navy 
The British Admiralty 


THE BURGESS COMPANY 


MARBLEHEAD, MASS. 


Sole Licensees for the United States for the Dunne Patents 
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The J. G. White 


Engineering Corporation 





Designers Engineers 





Contractors 


Perform all designing, engineering and 
construction work in connection with aero- 
plane factories; aviation fields; also other 
: industrial properties and public utilities. 





Engineering investigations and _ reports 
made with recommendations covering 
every detail of design and construction. 





Purchase for clients apparatus, materials 
and supplies of every description, and 
make necessary inspections and arrange- 
ments for prompt shipment. 








43 Exchange Place - New York 


LONDON CHICAGO 
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UEEN INS. CO. | 


OF AMERICA, 84 William Street, New York City 


Established 1891 


Fire, Automobile, Sprinkler Leakage, 
Windstorm, Explosion, Use and Occupancy 


INSURANCE ON 


AIRPLANES « 
SEAPLANES 


HIS is a floating policy, covering the plane while in flight, or upon 

the earth, or in any building, or in or upon any inland body of 

water, or in or over the coastal waters in the United States, exclud- 

ing Alaska, Porto Rico and Hawaiian Islands, against the risk of fire; also 

covering the plane while being shipped in any conveyance by land or 

water, within the limits of the policy, against the burning, sinking, derail- 
ment or collision of the conveyance. 


i sw uni $12,149,847.97 
a is ok 6 ewe a 6.973,698.40 
I oo Gog wlchire wna 4,176,149.57 
a 2.000,000.00 
Nee eee ee eee 6,176,149.57 

New York Department - - 84 William Street, New York Marine Department - - - 84 William Street, New York 


Western Department, Chicago, Illinois 


Southern Department, Atlanta, Georgia Pacific Coast Department, San Francisco 

















January 15, 1918 AVIATION 





I didn’t begin with askings. I took my job: and stuck: 
I took the chances they wouldn't, an’ now theyre calling it luck. 
And they asked me how I did it, and I gave ‘em the Scripture text, 


“You keep your light so shining a little in front o’ the, next!”’ 


They copied all they could follow, bat they couldn't copy my mind 


’ 


And I 1éft ’em sweating and stealing a year and a half behind. 


—Rupyarp Kietinc im “The Mary Gloster”’ 


DUESENBERG MOTORS CORPORATION—120 BROADW AY—NEW YORK CITY 


CONTRACTORS TO THE UNIFED STATES GOVERNMENT 
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RADIATORS 


Livingston 
Aeronautical 
Radiators 


We manufacture radiators for 
all types of aeroplanes 


Our engineering department 
is at your service 


LIVINGSTON RADIATOR & 
MFG. CO. 


ESTABLISHED 1903 


75th Street and Amsterdam Ave, 
New York City 











15, 19]g January 15, 1918 AVIATION 





AN 


Sterling 


SUNBEAM 


12-Cylinder Airplane Engine 


It is a recognized fact that the successful airplane engine 
must be constructed of the finest materials obtainable.. . 


The Sterling Engine Company selected Magnalite pistons 
as Standard after long exhaustive experiments and tests. The 
majority of American Airplane engine manufacturers have 
made a similar selection. 


A: special booklet on piston design will be gladly mailed 
upon request. 


WALKER M. LEVETT COMPANY 
417-419-421 East 23d Street New York 


SOLE MANUFACTURERS 























814 





AVIATION January 15, 194 jan 








Airplane Propeller Specialists 





HAHAH WAHT 
| HMA 





Propellers for airplanes, 
hydroairplanes, dirigibles, 
etc., designed and built to 
the individual requirements 
of your power plant and 
type of machine. 


Inquiries solicited. 


A high percentage of the 
latest and most successful 
war machines on the various 
fronts are equipped with 
LANG PROPELLERS. 


Lang Propeller Company of America, Inc. 
New York Office 2: «x : Room 419, 30 East 42d Street 
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inshatter ble 


SISTAL 


AVIATOR GOGGLES 


NOW MADE WITH 


ANTI-GLARE LENSES 


will give UNSHATTERABLE PROTECTION 
and Comfortable Vision under Strong Sunlight 
While avoiding the annoyances of wind, sun, dirt or 
grease, you are creating a danger if your goggles are not 
RESISTAL, the only unshatterable glass. The least break- 
age of ordinary glass may cause a loss of sight. 


Save your eyes by Wearing RESISTAL Aviator Goggles 


The Navy Depart- : r) 
ment also has adopted =e ZS 
RESISTAL for aviator 
goggles and masks. 

In addition to 








rame - 5 


frames for aviator gog- 
gles and masks. Naval 
and military pilots insist ; 
upon RESIS TAL _ Itustration made from actual photograph of RESISTAL Goggles 
‘ whicl in a smash-up. The Goggles served their purpose in 

yes N lass cen fly when lens is hit. 
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Saving the avia 


Goggle Manufacturers 
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CRANKSHAFT 
QUALITY 


Stands out as the one 
requirement today of 


the builder of 


AIRCRAFT and 
HIGH DUTY 
ENGINES 


Experience only can 
produce a product to 
equal these demands. 


Wyman-Gordon 
Company for many 
years, in their Re- 
search, as well as 
their Manufacturing 
Departments, have 
been _ developing 
along the lines that 
make them today 
able, without experi- 
ment, to supply 
crankshafts of 


UNQUESTIONED 
RELIABILITY 


Every stage in the 
production of a Wy- 
man-Gordon crank- 
shaft is subjected to 
rigid inspection and 
tests guaranteeing a 
high metallurgical 
quality. 


Careful attention to 
all orders; deliveries 
without delay. 


WYMAN-GORDON COMPANY 


WORCESTER, MASS. 























re NORM A 3 
BALL BEARINGS 


(Patented) 


The running of an airplane—its steadi- 
ness, its power, its smoothness, its de- 
pendability—rest ultimately upon the 
performance of a hundred component 
parts. Failure in one of these may 
destroy that smooth unity which dif- 
ferentiates good performance from un- 
ending bother. 


Enquireintothedependability 
of magnetos and lighting 
generators. Those of de- 
monstrated serviceability, of 
proved reliability, are stand- 
ardized on “NORMA” Ball Bear- 
ings--have their own inherent 
superiorities fortified by 
“NORMA” Bearing speedability. 


Be SURE—See that your Electrical 
Accessories are "NORMA” Equipped 


THE NORMA COMPANY OF AMERICA 


i799 BROADWAY NEW YORK 


Ball, Roller, Thrust and Combination Bearings. 
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By DAY or NIGHT 
It Keeps You Right 





Flying Level. 
Turning and Skidding. 


Flying Level. 
No Slip—No Skid. 





Radium Illuminated. 


The Sperry Gyroscope 
Company 


Manhattan Bridge Plaza 


Banking Left. nie 7 Banking Left. 
Side "Meine. Brookly n, N. ¥. No Slip—No Skid. 
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Wg UR facilities at Miami, Florida, 
ae and at Newport News, Virginia, 
permit us to take for aviation training 
immediately several more students on 
land and water machines. 





This offers an excellent opportunity 
for men to gain aviation training at 
old established schools where the best 
of instruction and a wide variety of 
types of aeroplanes, hydroaeroplanes 
and flying boats are available. 


Students will be accepted in order of en- 
rollment. 


Hundreds of Curtiss trained men are flying 
and teaching today in the United States 
Army and United States Navy and abroad. 


For full information wire or apply 


Curtiss Aviation School, 
Miami, Florida 


or 


Atlantic Coast Aeronautical Station, 


Newport News, Va. 
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Theory of Bomb Dropping* 


= 
Vol. III 
When any object such as a bomb is allowed to fall from an 


aireraft in flight, it will not drop vertically, but its path will 
be a definite curved line. If the fall took place in a vacuum. 
the curve would be a parabola. The path, however, is influ 
enced by various factors. particularly the resistance of the air 


so that it li parabola or curve of higher 


+ 


becomes a distorted 
order. 

For the theoretical! this 
know first. the velocity of the aircraft relative to the earth and 


determination of curve, We musi 





the height from which 

the fall begins. Further- 

more, we must know the \ tf 
form of the bomb, its ‘\ ¥, : 
weight, and the atmos- \/ ~~ 


pheric pressure prevail- . \ 
ing throughout the path 








of fall. 

These many variables \ 
would make the eomputa- 
tion very difficult if we » * 

did not make such as- \ 

sumptions as the follow- \ 

ing. The bomb is always \ 

freely released, and not ” 

thrown. The release al- Fs 
ways occurs at a moment ‘FP N\ 
when the aireraft is in ¥ {€ K 
exactly horizontal flight. x | 
Finally, the atmospheric F é 
pressure may be assumed Fig. 1 - 
constant. iw 

Assume a particle of 
matter upon which a 
force acts, imparting a velocity v, making the angle x with the 
horizontal at the instant when the time t= 0. The effect ot 
gravity is to impart an acceleration g in the vertical direction 
ani the motion of the particle therefore becomes the resultant 
of a uniform and a uniformly accelerated velocity. The equa 
tion of the path becomes 

y>=ar tan 2 f. veal (1 
2 1 COs % 

This is the equation of a parabola and represents the pat! 
neglecting the resistance of the air. If now we wish to find 
the eurve which the body will describe when freely released. 
set the angle a equal to zero on the supposition that the ain 
plane was in horizontal flight. Equation (1) becomes 

g 
¥=o-:-3 2 

In Fig. 1 such a trajectory is represented where .t is thu 
point of release at the altitude y above the ground, and ( 
the point of striking the ground at a_ horizontal distane 
t = BC from the point A. 

The elements of interest of this trajectory follow : 

l. The horizontal projection BC = x of the parabola, 1.@., 
the distance covered in a horizontal direction. 

2. The final velocity rv. with which the projectile reaches 
the ground. 

3. The time of fall. 

+. The angle'¢ at which the projectile strikes. 

From equation (2) we obtain for xr 

: 2 u 2 
I l omens \o 
* N 9 

* By Ernst Hemkel \bstracts from Zeitschrift fiir Flugtechnik, by 
. T.. Gayhart. 

8 


The time of fall is obtained from 


s) 


\ . -U (4) 
time of fall 


and not on 


From this 
theoretical], 
the velocity. 


equation it is “evident that the 
is dependent only on the height 


The final velocity is computed from the equation v,’? = v," + 
y/ or substituting from (4 
‘r= nr” -29y (5 
‘e - ; 
aX K The angle of fall is 
\ + 
a Oy computed from 
\\\ v4 1 aD 
\\xy tan E= \ 2g 7 (6) 
v, 
\ If we designate the 
\ angle which the line AC 
\ makes with the horizontal 
YA as ¢ then it is easily seen 


that the bomb must be 
released at the instant 
when the target appears 
at this angle below the 


ey \ 
my 


| \y 





.\ P 
/\\ horizontal. 
‘ff \\ The angle is computed 
Y Nis from the equation tan 
8 Vo 7 ¢=y/r-7 is unknown. 


Substitute for x its value 
from equation (3) and 


a 
fan eo = v \ =) (4) 

We have now expressed this sighting angle in 
velocity over the ground and the altitude. 

If reality agreed with the above simple assumptions of a 
vacuum and a particle of matter. it would be easy to outline 
the general principles for a sighting mechanism for bomb 
dropping. 

Equations (6 


terms of the 


and (7) yield 
tane =2 tane (5) 
). the sighting mechanism could be 


2. We may write 


Krom equation (7 
arranged as shown in Fig. 


tan g» = — 


The sighting tube AC is connected with the horizontal seale 
BC and the vertical seale AB, and A and C ean be moved along 
| Upon the horizontal seale. the dif- 


their respective seales, 
vertical seale 


ferent velocities of the aireraft are laid off. The 


gy 
expression =~ 


- 


is proportional to the and the point A is 


accordingly set to the altitude of the machine. 

For exact e¢omputations, other factors than the resistance 
of the air must be considered. particularly the form and 
weight ot the projectile, and the decrease in density ot t] e al 
with higher altitude. Up to heights of 500 to 600 meters and 
velocities of 35 m/see.. air resistance upon the 
horizontal distance x is very r ean be computed 
bv the equation (3). 

In the dropping of bombs from an aireraft in flight, one is 
above everything else, dependent upon an exact knowledge of 
the altitude and velocity over the ground. It then becomes of 


the effect of 
limited, and 
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importance to investigate the effect upon the accuracy of 
hitting of errors in the height or velocity or both 
If we designate the distance from point of aim to the point 
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ria. 3 
struck as dx, the error in height as dy and the error in velocity 
as dv,, then differentiation of the equation 


») 7 
= / 


“te” 


yields 
dx dv, dy 
Pa v, Z2y 


If we write dv, = av,; dy = by, then the factor a is the 
error in altitude and ba the error in velocity, and the above 
equation becomes 


dx b 
- a- 
r 2 


or substituting for «, the value from a previous equation, 


lo f b 
dx \ v Vil « +s (9) 


q 

From the above equation it is to be seen that the error in 
hitting the target is proportional to the product of the velocity 
of the aircraft and the square root of its altitude. 

A further source of error is to be found in the probability 
that at the moment of release, the airplane is not in exaetly 
horizontal flight. The angle of deviation from the horizontal 
will be in general a small angle and the error from this souree 
in comparison with the deviation from the other sources will 
be very small. 

The problem of the resistance of the air appears at first 
sight to be very complicated. Really, the error due to the 
resistance of the air depends in addition to the altitude only 
on the relative velocity of the aircraft through the medium. 
One may understand the question better if the motion is eon 
sidered as resolved in two components. A small error is 
introduced here, but with the limited horizontal velocity it is 
very small and does not affect the explanation of the problem 

Let us assume at first homogeneous atmosphere. We have 
two components of resistance to consider, the horizontal and 
the vertical. Both induce errors of opposite sign, so that the 
paradox may arise that because of resistance, the bomb will 
travel farther in the air than if in a vacuum. 

lirst consider the resistance in the vertieal direction. For 
the velocities of fall coming under consideration, we may 
assume with sufficient accuracy that the resistance varies as 
the square of the velocity. 

If W equals the weight of the body, and a, a coefficient 
dependent upon its surface and form, then 

W dv 
9 dt 


HW av" 
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lf we designate the limiting velocity where the resistanee 
equals the weight and the acceleration zero, as v,, then W = 
av., anda Wv,. 

lor the sake of simplicity let us write 


a.g 
— a DV 
W 
Development of the above equation yields 
dt 1 


g-—* 
dv 1—(—) 


and through integration, 


ese —]1 

© = Us: . 
ont 

e = +- ] 


Now v 


c 





ont 
» v —_ 
h=v,, | — & -+4-C 
oet 
e tty 


( —log y 
9g 
es Ss | 
( : og - —ar,,t } 
= a | 6 2 ) 


In Fig. 3 curves of height against time are shown for various 
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values of a and v,,, and for comparison, the curve is shown 
for fall in a vaeuum., 

We may assume that with a regular form, a for the hort 
zontal component will have the same value. For the deriva- 
tion of the horizontal resistance, we must consider that this 
resistance 1s a maximum at the moment of release and varies 
as the square of the velocity. It is elear that by this velocity 
is meant not the speed over the ground but the velocity 
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through the medium. 


and was driven by a wind of the same velocity. 


If we designate the velocity of the aircraft through the air 





W de : : ad é 
sr, then a (¢, v)° and - a (v,— v) 
»* g dt dt ° 
' 1 (° dv ] ; 
Then ¢ . - |. ¢ 
a (v v) av - 2) 
e ) 
] ] 
and thenee t —_ —— 
a(v v) “ v, 
This equation solved for v gives 
] 
v v, . 
(14+ 
OE 64s wan 
av 
Further, if we designate the error as s 
j it dt 
as v, C 
° ( 1 ) 
a f + — 
ae 
aud s becomes 
] 
8 vit log (1 av, t) 


a 

This expression may be developed in a series. 
different values of s are shown in a diagram. 

This value of s holds for machines of pusher type. For 
tractor machines the influence of the propeller is to be noted 
since the bomb receives a further acceleration to the rear in 
the first half second. 

If we designate the velocity imparted by the propelle: 
1 


“(14 7) 


atv 


In lig. 4 


stream with A, then + v. 


l 


( 


and s = v,t 


vlog l+a.t (4—4)| 


We come now to an investigation as to the influence of the 
alr resistance upon the sighting angle. If we designate the 
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velocity over the ground by v, and the time of fall in vacuum 
by t, then 


tan ¢ sone 
and in air filled space 


tan ¢ 


» (t- 
and 4 ten o =... 


log(1 + a v,t) 
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Observation of this equation shows that 4 tan ¢ may be either 


lor the sake of simplicity, we can there- 
fore state the problem as if the body fell from a fixed point 
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negative or positive. It is negative when v¢—s> vr. This 
case occurs when the expression (v — v,) is positive, i.e., when 
the aireraft flies with the wind. 

In Fig. 5 the range of the error is shown graphically for 
different wind velocities. 
The shaded area shows 
the difference in error 
to be expected between 
a head wind and oppos- 
ing wind of 15 meters 
per second. 

Heretofore, the at- 
mosphere has been con- 
sidered as homogeneous. 
This is not the ease 
since a falling body is 
continually passing 
from a rarer to a denser 
medium, so that the 




















resistance av reaches 4° 3 = 
. Sit « < s | 
its full value a,v° only L— —1 —-4 oat 
at the surface of the Se 
earth. The following Fic. 6 
equation may be set up: 

Dan -— Dn (ny) = eeeeee b, 

G = 4, 
b,.(n+1) 


where a, holds for h = 0, and b equals the barometer reading 
for the respective heights. Here we have the relation 


My SOs F saeesses h,=1:("):..., :(*) 


Since, however, for an altitude of 1000 m., the quotient of 








2 ~ is always equal to 0.88 it follows that the influence of 

90 
the change in density of the air may be neglected. 

Of all errors which are made in dropping bombs, the most 
dangerous is that due to acceleration, and since it is often 
overlooked, let us examine it more closely. 

Let v = velocity of the aircraft 
h = altitude 
= horizontal distance covered 


nan 2 


; > dv , 
a = the derivative m or acceleration 
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The acceleration error manifests itself in several ways. In 
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one way, in the measurement of the velocity, where the 
velocity is measured incorrectly, since, because of the accelera- 
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tion, the direction of gravity is swung through an angle equal 


a ; : tan g— = | 
to tan ~—. Here, only the error that arises from this devia- g 
g 

tion should be discussed, and the incidental error in velocity 
which is usually small be considered later. For that reason, 
in the first ease, only the relation should be given between 0.4520 Vb a 

incorrect measurement in consequence of acceleration and tan ¢ = ————_—- (0.452 = V/2/9 = V2/9.81) 
acceleration itself. h L 


As =s—s' = hj tan e — ————— 
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Let ¢ be the time required for an object to pass through an Substituting, 
angle of 30°. (See Fig. 6). ™ h + 0.204 v’ 
. ( i As=avVh —— - ~- and 
s=v,t,=v,t, ands, = vt,,s, = v t,. 9.81 /h + 0.452 0.2 I 
Thenee A sz A wt. and As Art 





This error for an acceleration of 0.1 meter is shown in 
Fig. 8. 
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In general Av = 


s =h tan 30° 

s, =h tan (30°+ 0) and s,=h (tan 30°-+ tan 9) and thence 

4 s=h [tan (30°+ 6) —tan 30°], and 4,s=h tan 0, and 
h tan (30° + 6) 


further ‘(= + % ctietineneiamanialin 
. 


8, h (tan 30° + tan 6) 


Substituting above 


tan 30° 
4v=o/ | — — 
; tan (30° + 6) 
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tan 30° 


This shows that the resulting error in velocity is dependent 
only on the velocity and its acceleration. In Fig. 7 this erro h hol 
is expressed in per cent of velocity for various accelerations. 0 500 1000 hol 

An acceleration at the moment of release causes an error Fic. 11 the 
of some magnitude, since through it, the sighting angle ¢ is 1a. of 
changed, because the direction of travel is turned through the 7 ee - ' Thee anal alt 

a [he remaining errors are of less importance. They are t , 
angle tan ~ —- following: 


g 





1. The steering error of the pilot, the effect of which 8 me 

shown in Fig. 9. a sp! 

=) 2. The errors induced by incorrect altitudes and velocite#® baz 
9 shown in Figs. 10 and 11 and previously discussed. 


We have s =h tan ¢ 


ands =h tan ( ¢ —tan - 
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Seaplane Float Construction 


Second Installment 


By Charles G. MacGregor 


Curtiss Aeroplane and Motor Corp. 


Deck Edge Stringers.—These are constructed similar to the 
chine stringers and are fitted to the deck edge of the flat- 
backs. 

The materials used in the chine and deck edge stringers are 
ash, white oak, elm, mahogany. 

Body Molds.—Where bent frame construction is used it is 
necessary to construct and erect temporary molds or forms 
to give the shape of the float. These are usually built of 
rough lumber similar to the keel mold, with stout straps 
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across the back. ‘Iwo types are shown in Figs. 10-11. The 
outside edge is cut to the inside of the fairing ribbands. They 
are set on top of the bottom stringers or keelsons after these 
are fixed in position. The fastenings used in the construction 
of the molds are wood screws (not wire nails), so that when 
the framework is completed they can be taken apart with- 
out breakage, removed from the interior of the framework 
and be reassembled for future use. 

Deck Stringers.—All stringers which run inside the frames 
are fitted before the frames are bent over the ribbands, and 
are riveted to the frames where possible. Where intercostal 
stringers, or stringers fitted in short lengths between the 
frames, are fitted a ribband is let into the mold for this 
stringer to rest upon. This intercostal is only fitted after the 
frames are in place and is intended to prevent the planking 
oo caving in or dishing where the frame spacing is wide 
(Fig. 7). 

Materials used are ash, oak, elm, mahogany, Port Orford 
cedar, white pine and spruce. 

Fairing Ribbands.—W hen the molds are set up on the round- 
back type of construction, temporary stringers or ribbands are 
laid longitudinally outside of these spaced about 4 in. apart. 
The frames are bent over these, then when the framework is 
complete and before the seam patterns are put on, the water- 
tight bulkheads are put in, the ribbands being cut on each side 
of the bulkheads to allow this. The ribbands are fastened to 
each mold by one stout wood serew. Particular attention is 
paid to the “ fairing” of the ribbands and the molds, so that 
there will be no bumps or hollows either transversely or longi- 
tudinally. 

_The method of fairing is as follows: Stand away from 
either end of the float a distance of about 3 or 4 ft. and 
glance along each ribband on the top edge. They should not 
show any unevenness. Should there be any appearance of a 
hollow, slacken the screw that holds it to the mold until this 
hollowness disappears, then drive a shim or wedge in between 
the ribband and the mold. If there should be any appearance 
of roundness, slacken the screw, or better still, take it out 
altogether, and saw or chisel a piece off the mold at this 
point, replace the serew and try again. Although all these 
ribbands may appear to be perfectly fair longitudinally, they 
may not be transversely. ‘To test this bend several thin flat 
splines across the back of the float, tacked lightly to the rib- 
bands. Now glance at these end on and look for any uneven- 


ness in their curvature, observing at the same time that each 
spline touches every ribband. It is important that they should 
be correct. The ribbands are not removed from the molds 
until each is overtaken by the planks as they are fitted. 

The materials used are oak, ash, Oregon pine and yellow 
pine. 

Frames.—These are of two types, viz., the steam bent and 
the solid frame. The former is used in the roundbacks (Fig. 
5), and the latter on the flatbacks (Figs. 6-7). The heels of 
all bent frames or ribs, as they are sometimes called, are 
strapped or shod with light sheet copper, so that the rivet or 
serew fastening through the end will not split it. The nail 
heads in the copper are soldered so that they will not work 
loose and drop out. The corners on the inside of the curve 
of the frames are chamfered so as to eliminate to some extent 
the possibility of splitting when the wood is compressed with 
the bending. The frame is much stiffer when bent on edge 
than when it is bent on the flat. The thinnest frame that will 
hold a plank fastening is 3/8 in., but 7/16 in. more satisfac- 
tory for through riveting, because when the hole is drilled for 
the rivet almost a quarter of the cross section of the frame 
is cut away. 

The built frames are made up in three parts (Fig. 8), 
fitted to the inside of the planking all around, and where 
seam battens are used, a notch is cut in the outer edge into 
which these fit. The names of the different parts of the frame 
are: The top piece is known as the beam, the side pieces are 
the side frames and the bottom piece is the floor. Each 
frame is built complete before it is set upon the keel and 
keel mold. The corner joint is mortised. The depth of the 
mortise does not exceed one-third of the thickness of the 
frame. At the corners the frames are made wider to make 
up for what is cut out of them by the deck and chine stringers 
and the mortise and also to give more surface at the joint for 
riveting. These joints are the weakest parts of the whole 
frame, so great care is taken to have them fit well and to 
see that the wood is not split when riveting the parts together. 
Figure 6 shows the joint. The best fastening for this part 
is the brass tubular rivet; it holds well and is easily riveted. 
Small knees of laminated wood are often used to brace the 
corners at the deck edge and chines (Fig. 8). 
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Fig. 11. Sori Mop 


The materials used for bent frames are ash, oak and elm; 
for solid frames, ash, oak, mahogany and Spanish cedar. 

Bulkheads.—Floats are divided into watertight compart- 
ments by transverse bulkheads or partitions; each bulkhead 
is strong enough to withstand the pressure against it from one 
side should the water fill the compartment on the other side 
of it. Each bulkhead is built of two layers of wood with 
cloth and marine glue or varnish between them. The grain 
of each skin crosses the other at an angle of 90 deg., and the 
skins are through fastened with solid brass or copper rivets. 
Along the edge of the bulkhead a hardwood frame is usually 
bent and through riveted to it. The bulkhead is also stiffened 
vertically and horizontally to prevent it from bulging under 
pressure; this also prevents straining of the edge fastenings. 
The bulkhead stiffeners are more efficient on edge than when 
placed on the flat. When the keelson or a stringer passes 
through the bulkhead the edge around the hole is supported 
by small strips or blocks, and are also necessary to keep this 
part watertight. Laminated wood under various trade names 
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is used extensively for bulkheads, but unfortunately it is most thereby, and is reinforced by what are known as doublings 
difficult to obtain in this country. This wood is known as_ or blocking made of hardwood. These are attached to the 
three-ply lamination or veneer. frames, stringers, ete., where possible. They are fitted under 
the planking at the point where a fitting 
is attached or passes through, to make up 
sufficient thickness into which the fasten- 
ings are put. Doublings are illustrated 
in Fig. 7. The materials used for the 

doublings are ash, oak and mahogany, 
Struts and Braces—Here we have 
about the most difficult parts to construet 
in the whole float. This is a subject that 
is too extensive to enlarge upon in this 
article, because there are so many differ. 
ent methods of bracing or hanging the 
\ / . floats from the machine. So we had bet- 
A frst xe y ‘ ter limit this to a very brief outline of 
/ some of the commoner of these methods, 
The continuation of the struts from the 
fuselage inside the float is distributed over 
the bottom structure, so that no strain due 

to landing comes on the topsides. 

The outer struts are of three distinet 
y types, as shown in Figs. 12, 13 and 14, 
Fig. 12. SIngéLe CENTER S'tTrRUTS Fig. 12, Single Center Struts; Fig. 13, 
Double Side Struts; Fig. 14, “ A” Struts. 
The materials used besides the three-ply are mahogany, ‘These, of course, have diagonal wires and braces. The weight 
Spanish cedar, white cedar, white pine and spruce. Each of the machine is distributed over the length of the float as 
plank does not exceed 5 in. in width and is not less than much as possible. Two or three points of support are found 
1/16 in. thick. to be sufficient, and are the most practicable in the floats in 
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Seam Strips—The edges 
of all planks between the 
frames in the single skin 
construction must be sup- 
ported in some way inside. 
The method adopted in float 
construction is by means of 
thin strips of hardwood run 
over the outside of the frames 
in a longitudinal direction, 
and placed so that each will 
eome directly under the 
plank seam. These strips are 
fastened to each frame by 
one wood screw. The ends 
of each strip are notched into 
the stem and sternpost (Fig. 
6). 

Between these strips and 
on the outside edge of each 
frame is nailed a strip of 
wood called a liner. This is 
intended to fill in the space 
that would otherwise be left 
between the frame and the 
planking. These are usually made of pine. The materials present day use. The foremost of these struts is known as the 
used for the seam battens are oak, ash, elm, Spanish cedar and landing strut; it is set diagonally to resist the impacts of the 
spruce. water on the forward bottom of the float when taxi-ing or 

Doublings.—W here a hole is cut through the deck or plank- landing. The intermediate struts take the greatest load, and 
ing for handholes, struts or drainplugs, this part is weakened the rear struts take the least except when the machine pan- 
cakes or lands on the water tail first. 
From the point of attachment of 
these struts on the top of the float 
to the bottom keelsons, ete., other 
struts radiate inside, and are bolted 
to the metal clips inside, which have 
studs extending up through the deek 
to which the outside strut sockets are 
bolted. The heads of these studs are 
secured on the inside to prevent them 
from turning. All nuts on the out 
side are castellated. 


Fig. 13. Dovusie Sipe Struts 
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In the use of steel struts inside, 
the point of attachment to the outer 
struts is kept as close as possible t0 
the deck, and the inner struts 4 
close up to the underside of the deck 
as possible so that there is not to 
much length left unsupported be 
eg, 34: "A tween these points. All strut pis 
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are fitted athwartship so that this will give a little latitude for 
setting up, and allow the machine to swing forward or back- 
ward for final and finer adjustment. The deckplates are fitted 
snugly around the strut ends where they project through the 
deck, so that the packing can be put between them and the 
deck and the strut, thus insuring a watertight connection. 
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Fig. 19. SAUNDERS’ SEWN SYSTEM 


Brace wires are not attached to the deckplates unless the inside 
structure is sufficiently strong and well bolted to them to stand 
the pull that will come on the wire. 

On the flatbacks where single struts are used the struts are 
attached to the sides or to a cross bulkhead (Fig. 6) and are 
braced from there down to the keelson and chine stringers 
inside. Between them a good husky brace is fitted to take 
compression, and on the outside a strap is fitted to prevent 
spreading. 

With the two-point support (Fig. 6), the front struts act 
as landing and supporting members. The heel of the front 
is well forward and the heel of the rear strut is well aft, 
thus making each diagonally opposite. 

The fitting of the interior float struts is one of the most 
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diffieult tasks undertaken by the float builder and it requires 
the most careful and skillful workmanship. 
Planking.—There is a wide choice of methods of planking, 
but for good all around service the double skin diagonal is 
the most serviceable and durable. 
Planks under 1/4 in. thick should never exceed 6 in, in 
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LAMINATED PLANKING 


Fig. 20. 


width, and under 1/8 in. thick should never exceed 4 in. in 
width. If made greater than these widths they are very liable 
to check and split with the constant wetting and drying to 
which they are subjected under service conditions. Each 
plank is made in one length where possible, because each 
butt or joint is likely to be a weak point and means the 
addition of more weight to the float. When drilling holes 
for the fastenings in very thin planking a countersink is not 
necessary for the head of the fastening, as it draws in flush 
when it is riveted, particularly in the soft woods. 

The following are brief descriptions of some of the methods 
of planking most commonly used and proved to be very satis- 
factory in actual service. These are divided into groups for 
location, and are further subdivided into types, as follows: 
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GROUP 1. TOPSIDE PLANKING 

A, Single Skin with Seam Strips. 

B, Single Skin with Seam Strips—Fabrie covered. 

C, Double Skin Inner Diagonal; Outer Fore and Aft—Fab- 
ric between. 

D, Double Skin Inner Diagonal; Outer Diagonally opposite 
—Fabric between. 

E, Three Ply Laminated Wood. 


GROUP 2 BOTTOM PLANKING 


A, Single Skin with Seam Strips. 

B, Double Skin Inner Skin Diagonal; Outer Skin Fore and 
Aft—Fabriec between. 

C, Double Skin Inner Skin Diagonal; Outer Skin Diag 
onally opposite Fabrice between. 

D, Treble Skin, Inner Diagonal; Intermediate Diagonally 
opposite; Outer Fore and Att—Fabric between all skins. 

E, Three Ply Laminated Wood. 

GROUP 3 BULKIIEADS 

A, Three Ply Laminated W ood. 

B, Double Skin, Inner Diagonal; Outer Diagonally opposit: 
—Fabriec between. 


Each group will now be treated individually and a brie! 
description of the methods of planking, some of the troubles 
met with and what to look out for during the various opera 
tions : 

Group 1. A, Single Skin with Seam Strips (Fig. 15). 
This method is used mostly on the topsides of the flatbacks 
without any covering other than the varnish or the paint. 
Most of the planks are straight or have a very slight curva 
ture on the edges. Before the plank is fixed down a strip of 
tape or canvas saturated with marine glue or copal varnish 
is laid along the seam strips and rabbets below the edges of 
all planks, so as to make the joint watertight. The fasten 
ings are spaced about 11% in. apart on the seam strips and 
about 2 in. apart on the frames. They are not less than 4 in. 
in from the edge of the plank. Fastenings are staggered where 
possible to avoid the chances of the wood splitting between 
them. When turning over the point of the rivet on the inside 
of the seam strip, each is turned to the right and left alter 
nately for the same reason as stated above. The heads are 
filed flush when finishing the planking on the outside. 

Group 1. B, Single Skin with Seam Strips, Fabrie cov 
ered (Fig. 15). The only difference between this type of 
planking and the preceding one is that tape and glue are not 
used under the plank seams, as the fabrie which is stretched 
over the outside of the planking keeps it all watertight. (See 
“Fabrice Covering.” ) 

Group 1. C, Double Skin Diagonal and Fore and Aft- 
Fabrice between (Fig. 16). This method of planking is one of 
the strongest, and is used in both topside and bottom con- 
struction. The inner skin is in narrow strips about 4 in. 
wide, run from the keel out and forward to the chines at an 
angle of about 45 deg. These planks are fastened at inter- 
vals to the frames, ete. Sometimes they are run right across 
the bottom from chine to chine in one piece without being cut 
at the keel. When used in topsides construction they are laid 
continuously across the back from chine to chine. After the 
whole of the inner skin is completed, the fabrie is then 
stretched over it as described under “ Fabric Covering,” and 
on it the seams of the under skin are marked with soft pencil, 
so that they can be easily located when drilling the holes fo 
the fastenings on the outer skin. The outer skin runs in a 
longitudinal or fore and aft direction. The fastenings ar 
arranged as shown in diagram. It will be noticed that they 
are staggered for both inner and outer skins. When drilling 
these holes for the fastenings, a metal jig is made for one 
frame space; this will work in for most of the frame spaces 
and will facilitate the work. The plank widths are kept as 
uniform as practicable, as this simplifies the work consider 
ably. The bottom planking can quite profitably be built up 
on a form or mold the exact shape of the bottom of the float. 
On this form all keelsons, floors, ete., are marked. The inne 
skin is laid first and tacked at the outer ends only, which 
should be left about % in. longer than required. The fabric 
is stretched over, the outer skin laid, and all the fastenings 
are driven right through. The whole is then lifted off the 
mold, turned over and the ends of the rivets are turned down. 
The bottom planking is now placed on the upturned float 
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bottom, fitted between chines and finally screw fastened to the 
floors and stringers. This method of building the bottom 
planking is found to be the best, because if the planking ig 
built right on to the float bottom, trouble will be experienced 
in riveting the fastenings on the inside; in fact, in certain 
float construction it is almost impossible to build with rivet 
fastenings, and wood screws have to be resorted to for fasg- 
tenings. When single topside planking is used, one or two of 
the planks are left off for access of the arm when riveting 
the bottom, and are screwed on when the planking is com- 
pleted. 

Groups 1-D, 2-C, 3-B, Double skin, both diagonal (Fig. 17), 
This method is much stronger than the foregoing on account 
of the grain of each crossing the other at about 90 deg. 
instead of 45 deg. Each layer is laid at about 45 deg. to the 
keel, and in opposite directions, so that the seams and grains 
eross. This method requires a very large number of fasten- 
ings; these are best arranged as shown in diagram. Only 
the very best lumber is used because the outer skin has no 
fabric covering, and is therefore exposed to the sun and 
weather. Great care is taken in the fitting of the seams on 
the outside. All planks are made about the same width and 
each plank is in one length. 

Group 2. D, Treble Skin. (Fig. 18). This is seldom used 
in float construction, but is worth describing. It is very 
strong, but is much too heavy for the small size floats used 
at present. The method is the same as for double skin, both 
diagonal, with the addition of another layer of fabric and an- 
other layer of planking over all. The seams of the two inner 
skins are marked on the second or outer fabric. Each skin is 
very thin and therefore requires the most careful and skillful 
handling. 

Another type of multi-skin construction is that shown in 
Fig. 19. The layers of planking are glued and ironed to- 
gether with silk between, and then instead of being riveted 
they are sewn together with bronze wire. The wire is let in 
flush with the outside surface of the planking. No frames 
are required but longitudinal stringers are used to stiffen the 
hull. This makes a very neat and pretty job if properly and 
earefully executed, but is very expensive on account of the 
enormous amount of labor necessary. 

Groups 1-E, 2-E, 3-A, Three Ply Laminated (Fig. 20). 
This material is made up in sheets about 60x42 in. It is 
made by gluing three layers of veneer together with water- 
proof glue under pressure. The inner layer is thicker than 
the outer skins, and sometimes they are made with all three 
skins equal in thickness. The grain of the inner runs op- 
posite to the outer grains, thus making a very strong and 
rigid construction. It is invaluable in the construetion of bulk- 
heads and wing floats, planking and framing. The edges are 
liable to splinter if not protected, and in some inferior quality 
of this wood the layers blister and come apart, because of the 
glue giving way under ordinary service conditions. 

Wood for Planking.—The most common varieties are ma- 

hogany, white cedar, white pine, spruce and Spanish cedar, 
when this latter is very carefully selected. 
For planking of the thickness used in these 
floats, the best fastenings are brass and copper rivets, in 
preference to wood serews; they hold better, can be driven 
in and have the ends turned over just as fast as a screw can 
be driven, and will not loosen up so readily. Wood screws, 
if driven too hard, will strip the thread in the wood and 
thereby render it useless as a fastening. On the other hand, 
serews can be used to more advantage than rivets for attaeh- 
ing the planking to frames and stringers. 

The rivets are known as Canoe rivets, varying in length 
from 3/8 in. and upward. When long rivets are used through 
stringers, etce., a washer or burr is used to rivet the end over. 
The rivets through the planking and seam strips are spaced 
from 11% to 2 in. apart; the thinner the wood the closer is the 
spacing. All wood screws used in planking have flat heads 
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and are brass. 

Fin Construction (Fig. 8).—Fins are sometimes required 
in some floats for stability or additional planing surface. 
The construction of these is very simple. Capstrips as used 
on the floors abreast the fins are extended out past the float 
side the required distance. The outer ends are notched into 
the fin edge stringer, which is usually made of ash, and the 
fin frames are also notched into the stringer at their lower 
ends, with the upper ends attached to the stringer at the float 
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side. Over these the fin top planking is laid, usually in a 
fore-and-aft direction. Occasionally the fins are built merely 
as extensions of the bottom planking, thus acting as a planing 
board only and not as a watertight compartment. In this case 
the capstrips are covered with a thin plank and the outer 
edge is braced to the float side by short wood struts. 

Fabric Covering.—The material used for the covering of 
floats either between the layers of planking or on the outside 
of the planking must be very strong, light but not too thin, 
with sufficient body in it to hold the varnish or marine glue 
with which it is saturated when being applied. Linen covering 
used on wings has been tried and found to be very suitable 
for the lighter type of floats, such as scout machines; but it 
requires proper and careful handling. For the larger floats 
a heavier material is recommended. Only the very best marine 
glue and the finest copal varnish are used for this work. 

The finishing room, where varnishing, painting, gluing, 
ete., are done, is kept at an even temperature of not less than 
65 deg. F. and not more than 80 deg. F. It is dry and kept 
well ventilated, so that the fumes are quickly carried off and 
the process of drying facilitated. 

Before anything is applied to the planking, it is thoroughly 
and carefully sandpapered to a smooth finish and then brushed 
off. One thin coat of glue is then applied hot to the planking. 
When in use the hot glue is maintained at the proper tempera- 
ture by keeping the glue pot surrounded with boiling water; 
or a branch pipe may be led from the steam pipe of the steam 
chest if this is convenient. The glue itself is never allowed 
to boil or it will become hard and brittle when cool; it must 
maintain its elasticity when set. 

The fabric is stretched in one piece wherever possible, with 
plenty of allowance along the edges and on the ends for 
gripping by hand when stretching it over the float. 

Before the fabric is stretched over, the float is given anothe 
coat of glue, sparingly but thoroughly applied over the first. 
This and the stretching are done very rapidly, as the fabric 
must be in place before the glue sets and hardens. The 
fabric is held about one foot above the float lengthwise and 
is pulled taut, then while being held out on each side at the 
middle the center is pressed down on top of the float, worked 
quickly along the top to the ends, the edges being kept up 
all around. The edges are then pulle| down very tightly to- 
ward the chines, taking care to pull out all puckers in the 
fabric. Air pockets are forced out from under the fabric 
by rubbing firmly from the center towards the edges and 
ends. The fabric edges are secured by copper tacks to the 
chine stringers, spaced about 1 in. apart. When completely 
stretched, the whole of the fabrie is gone over witli a hot flat 
iron (an electric one preferred) heated sufficiently to draw 
the glue through to the surface. Care is taken not to overdo 
this ironing process, otherwise the glue would either harden 
or be drawn right out and thereby fail to hold the planking 
to the planking. The glue is allowed to dry thoroughly for 
at least two days in the same room before painting over. 
Three coats of paint are sufficient for the outside, the first 
one being thinner than the remainder. 

When varnish is used in place of the glue, practically the 
same process is gone through with the exception that the first 
coat is applied to the bare planking just before the fabric is 
stretched over. The fabric is given previously one or two 
coats of varnish and applied to the float when still wet. Of 
course no ironing is necessary, but a coat of varnish is applied 
whenever the fabric is tacked down, so that it will penetrate 
the fabric and unite with the under coat. This is allowed to 
dry thoroughly before the paint is applied, and each coat is 
dried hard before the next is put on over it. 

When the fabrie is used between the skins of the double 
planking the same general method is followed. The fabric 
in this ease is not stretched so tightly as the outside covering, 
and is tacked here and there to the inner planking to hold it 
in place while the outer skin is being built over. 

If it is found necessary to make a seam, the lap is ar- 
ranged so that the edge of the fabric in a transverse seam 
does not face forward on the outside. The after edge of the 
foremost piece laps over the foremost edge of the after piece. 

(To be continued) 


Hunting from Airplane Is Illegal 
Hunting game with flying machines has keen made illegal 
in North Carolina by a law prohibiting shooting water fowl on 
any of the waters of the States from an airplane. 
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The Tyler Safety Belt 

The Tyler Safety Belt is of the quick release type, which 
instantly disengages the aviator at the pull of a toggle tongue 
buckle. 

The cover, or front plate of the buckle, is hinged to the 
rear bar of the buckle frame and the tongue is attached to the 
cover in such a way that it rests on the front bar of the buckle 
when the cover is in the closed position. When the cover is 























THe Tyter Sarety Bett 


opened a sufficient amount, the tongue is drawn off the front 
bar and drops through, positively disengaging the attached 
end of the belt. 

This belt is particularly adapted for use in airplanes, air- 
ships and kite-balloons, because it is easily fastened, locks posi- 
tively, and cannot be interfered with by rust, ice, or heavy 
gloves, its operation being simple and instantaneous. Extra 
strain on the belt locks it more firmly, but does not interfere 
with its quick release feature. 


New Propeller Shaping Machine 


“The Will to Win” has caused many ingenious machines 
to be desigued for the purpose of speeding up the production 
of struts, propellers, and other pieces of airplane wood-work. 

Extreme accuracy as to weight, balance and form is vital, 
and must be taken into consideration by the designer of any 
wood-working machine to make it a success on airplane parts. 
Especially is this true of the two-, three-, or four-blade air 
screws. For this reason many of the standard wood-working 
machines have proven altogether inadequate to these exacting 
needs. 

One of the latest machines to be offered to the manufactur- 
ers of Airplane Woodwork is a Special Propeller Shaping 
Machine which will handle the three- or four-bladed screws, 
as well as the two-bladed ones. It is built by the C. Mattison 
Machine Works, Beloit, Wis. 

The Mattison Company has thoroughly studied the require- 
ments of a propeller lathe, and with the co-operation of some 
of the biggest manufacturers in the country has perfected a 
machine which bids fair to revolutionize the production of pro- 
pellers, on account of greatly increasing capacity, as well as 
of much smoother cutting. This works so close to finished 
size that very little hand work is necessary after the machining 
operation. The manufacturer of this lathe will be pleased to 
supply to any one interested in the manufacture of propellers 
any detailed information regarding the construction and opera- 
tion of the machine. 





The Metric System* 
By V. P. Benedict 


As we know it today, that is, as the French legal standard 
of weights and measures, the metric system is not the com- 
plete seheme as generally proposed. Devised in the troublous 
vears of the Revolution. the intention was to wipe out the 
divisions of time which belonged to the Christian Era, and 
to alter the immemorial standard of 360 deg. as the division 
of the cirele. 

There were to be 400 deg. of 100 min. each by which to 
divide the world’s cireumference, and 360 days to the year, 
with ten hours of 100 min. to the day, and it was here that 
the scheme “ bust up.” The year declined the official request 
to drop its odd five days, and the French people declined 
with thanks the ten-hour day, although the authorities tried 
to enforee it by all sorts of penalties. 

Having succeeded in retaining the staid 24-hr. division, the 
400 deg. cirele went by the board because it became un- 
workable, since mariners found themselves with a combination 
of 24 hr. and 400 deg. which, divided, vields a one-eyed frac- 
tion. So they reverted to the 360 deg. division, which gives 
four minutes of time to one degree of the earth’s rotation, 
or 15 deg. of rotation for each hour. 

Now, although these unworkable portions of the scheme 
were dropped, the remaining standards, which were based on 
the 400 deg. circle, were retained and adopted. Four hundred 
degrees of 100 min. gives 40,000 min., and one-thousandth 
of a minute was taken as the standard for a unit measure and 
was called a meter. Although, as a matter of fact, not strictly 
accurate, the meter was meant to be one forty-millionth part 
of the world’s circumference. 

To get a unit for volumetric capacity, one-tenth of a meter 
(about 4 in. English measure) was taken and cubed to give 
the liter, and taking a liter of pure water at 0 degrees tem- 
perature centigrade, the weight of it was obtained and divided 
into one thousand parts to give the standard unit of weight, 
which was called a gram. 

The three units, the meter, the liter and the gram, are 
each uniformly divided and multiplied by tens, wherein lies 
all the simplicity of which adherents to the system so justi- 
fiably boast. To learn the whole system one has to memorize 
only about six prefixes beyond the three units, or nine items 
in all, and in commercial use only about half of these are 
called into service. 

When the English schoolboy gets his 12 in. to the foot, 
three feet one yard business visualized, he is still in the dark 
when told that eight pints make one gallon, until he is shown 
the size of a pint or gallon measure, and so with his weights. 


TABLE OF METRIC WEIGHTS AND MEASURES, 
UNIT. 


10. 100. 1,000, 


l l ] 
1,000 100 10 
Prefix to Unit. Prefix to Unit. 
METER. 

LITER. Deca 
GRAM. 


Length. 
Volume. 
Weight. 


Milli Centi. . Deci Hecto Kilo... 

Here is a unit of length, one of volume, and one of weight, 
all correlated and each divided and multiplied uniformly, all 
of which, since the medium of correlation is pure water at a 
given temperature, can be corrected in any part of the world. 

Now the racio of specifie gravity for any substance is taken 
on the basis of water at 0 degrees centigrade as the unit, 
and since the kilogram is the weight of a cubic decimeter 
of water, it is simply necessary to multiply the eubical con 
tents of a given object in decimeters by the figure of specific 
gravity to obtain the weight in kilograms. Obviously, a 
saving over the English method where it is necessary to first 
find the weight of a cubic foot of water as an essential factor 
in the caleulation, and then multiply this by the figure for 
specific gravity and then by the cubical contents in feet. 

The metric system owes its simplicity mainly to the decimal 
basis on which all its sub-divisions are formed. Thus, if you 
have 752 mm. you have also 0.752 m., and 752 m. equals 0.752 
km. With English measures, 752 in. is 62 ft. 8 in., or 20 yd. 
2 ft. 8 in., and since our rules are in feet or yards, if you 
want to measure 752 in. you have first to do a bit of arith- 
metic. 

Similarly if a French airplane contains 801 nuts of 22.0 g. 


* Excerpt from The Aeroplane. 


each, the total weight (of nuts, not the plane) would be 
17,622.0 g. Shift the decimal point three to the left (equal 
to dividing by 1000) and you get 17.622 kg., and 100 planes 
would contain similar nuts to the weight of 1762.2 kg., ob- 
tained by simply shifting the point. 

Try it in English: 801 nuts of 1 oz. each equals 801 oz., 
or 50 lb. 1 oz., and you would need to work it out before you 
could weigh this amount. One hundred times the amount is 
5006 lb. 4 oz. weighed as 2 tons 4 ewt. 2 qrs. 22 lb. 4 oz. 

The pound weight was originally the weight of one pint 
of wheat, and the stone was the weight of a peck. The stone 
and peck to-day mean different values in different trades, 
and the whole is a most unholy chaos, to appreciate which 
it is only necessary to study the market reports of various 
commodities in the daily papers, which leave one as ignorant 
of what they ought to convey as do the official communiqués 
on airplane losses. 

For we learn at school that 14 lb. make one stone, but the 
butcher does it with 8, which is 6 to the good, and the ounce 
avoirdupois can be got with lots less grains than the ounce 
troy. And a peck of peas or a pint of periwinkles are what 
you get for your money, and not what the table of weights 
and measures says they are. 

Now whether we agree that the Metric System is preferable 
to our own, or, even if preferable, whether it is worth while 
going to the cost of changing (estimated at between 200 and 
400 million pounds), the fact remains that many drawings of 
aero-parts and components, practically all those of Continental 
design and not a few of English, are dimensioned in meters and 
millimeters, so, those to whom these represent part of the 
daily grind will need to know how to tackle the problem of 
working in millimeters or, in the alternative, how to convert 
those same into English inches and fractions thereof (decimal 
fractions necessarily). 

To handle metric-dimensioned parts satisfactorily, the best 
way undoubtedly is to have metric measuring instruments, 
get a grip of the metric system itself, which ought to take 
next to no time, and then go ahead metrically. 

Instruments, however, are expensive and very difficult to 
obtain, so where these circumstances render the foregoing 
procedure unfeasible it becomes necessary to make conver- 
For which purpose is printed herewith a Metric to 
English Conversion Table, which has been specially compiled 
to meet the particular requirements of the aircraft industry. 

For small accurate parts such as engine components care 
must be taken to make conversions to at least the fifth place 
of decimals of an inch. The reason why being that the 
tolerance allowed is sometimes 0.00025 in. where close fits are 
required, and unless the fourth and fifth decimal places are 
accurately taken it is possible to start with an error in excess 
of the given allowance. When working in meters on wings 
and bodies two decimal places of an inch are more than 
sufficient. 

This table is designed to be used for both meters (m.) and 
millimeters (mm.) since a “ bus” is a big thing built up of a 
lot of little ones. The figures as they stand, with the point 
in the place shown, are for millimeters converted into inches. 
To convert meters into inches (which ean readily be turned 
into feet, if necessary), the decimal point is to be taken as 
occuring three spaces later as shown by the slight gap between 
the figures. 

To use the table for millimeters, the column headed .0 con- 
tains the English equivalent in inches of the even number of 
millimeters shown down the left side. These run from 1 to 
40, and all tenths of a millimeter from 0.0 up to this figure 
are shown in the columns, progressing by one tenth at a time 
to the right. To convert a number of even mm. greater than 
40, it is only necessary to adjust the decimal point as shown 
in the following examples: 


sions. 


For 6.0 mm. take the figure opposite 6 in col. headed 0.0 
= 0.23622 in. 
6.7 mm. take the figure opposite 6 in column headed 0.7 
: 0.26378 in. 
take this latter figure and, since 67.0 is 10 times 
greater than 6.7, move the point one right, which 
multiplies the result by 10 to agree. = 2.6278 in. 
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278.0 mm. take figure opposite 27 in col. 0.8 and move point 
one to right. = 10.9449 in. 

2.78 mm. same figure, but point one to left (ten times less) 

= 0.10944 in. 

275.0 mm. take 2.75 mm. and move the decimal point twc 
places to right since it is 100 times less than the 
figure required ; 
or take 27.5 mm. and move the point one place to 
right. 

The examples show how wide is the range of the table as it 
stands. Every likely conversion can be handled as in the higher 
figures, the small fractions are rare and unnecessary, and over 
400 mm. anything more odd than 25’s, 50’s and 75’s, which are 
covered by the table, are not likely to be met. It will fre- 
quently be found possible to get a double check on the conver- 
sion figure as in the case of the example given above of 275.0 
mm., Which can be taken either on 10 times the figure for 27.5 
or 100 times the figure for 2.75. 

For the conversion of metric measures, other than those of 
length, which are covered by the table, the subjoined schedule 
of conversion factors will be found of use, and will cover any 
need likely to arise. It is not always necessary to work to the 
full number of decimal places given, but the accuracy desired 
must govern the factor used. 


METR CONVERSION TABLE. METE: 
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Multiply by to convert into 
Pr ee He er ee re 1.6093 Kilometers. 
| errr rr reer Te 0.62138 Miles. 

COMES DRAG sec kcvresacacadn 6.4517 Square Centimeters. 
Square Centimeters........... 0.155 Square inches. 

BamGte -BOG6. osc cccccievdesecra 0.092903 Square Meters. 
Sa errrrr rer Tre 10.7639 Square feet. 

CO SR cindd obescaawnn 16.387 Cubic Centimeters. 
Cubic Centimeters............ 0.061025 Cubic inches. 

CN oo it cs oe enw knee 0.028317 Cubic Meters. 

CURES Bi vc escscasncenes 35.314 Cubic feet. 

Ee Ts 6:4 06:6 dd a0 ae ee ean 28.31% Liters. 

OS POET PPE Tae a ree rr 0.035315 Cubic feet. 

I aia acta gta, Gi Sak cli tae piel ee 0.45359 Kilograms. 

REE. . bacadsiepensaaeaaum 2.2046 Lbs. 

a | errr ere er eT 28.348 Grams. 

CN Sve cesedsaawsscsacanns 0.035275 Ounces. 

Le. 260 Be. TOO. 6. cnc ceavs 0.070308 Kilogs. per Sq. Centimeter. 
Kilogs. per Sq. Centimeter..... 14.223 Lbs. per Sq. inch. 
Lbs. per 8G. TE08...ccccccnees 4.8825 Kilogs. per Sq. Meter. 
Kilogs. per Sq. Meter......... 0.20481 Lbs. per Sq. foot. 


FRACTIONS DECIMALS 


Basic Factor: 1 meter equals 39.370115 inches 











Meters or 

Millimeters 0.0 0.1 0.2 0.25 0.5 

Cae k eee eeee | aap 0.003 94 0.007 87 0.009 84 0.011 81 
] ee 0.043 31 0.047 24 0.049 21 0.051 18 
” 0.078 74 0.08268 0.08661 0.08858 0.09055 
re 0.118 11 0.12205 0.12598 0.12795 0.12992 
a aaa aa ae < 0.157 48 0.16142 0.16535 0.167 32 0.169 29 
5 ct ae ... 0,196 85 0.200 79 0.204 72 0.206 69 0.208 66 
6 : 0.236 22 9.240 16 0.244 09 0.246 06 0.248 03 
7 A ee 0.27559 0.27953 0.285 46 0.285 43 0.287 40 
s are .... 0.381496 0.31890 0.32283 0.32480 0.32677 
v a ares 0.354 33 0.358 27 0.362 21 0.364 17 0.366 14 
es Yer wa 0.393 70 0.397 64 0.401 58 0.403 54 0.405 51 
11 0.433 OT 0.437 01 0.440 95 0.442 91 0.444 SS 
Jerre 0.472 44 0.476 38 0.480 32 0.482 28 0.484 25 
1 0.511 81 0.515 75 0.51969 0.521 65 0.523 62 
14 0.551 18 0.555 12 O59 OG 0.561 02 

4 0.590 55 0.594 49 0.598 438 0.600 39 

1G RN 0.629 92 0.633 86 0.637 SO 0.639 76 

17 0.669 29 0.67323 0.67717 0.67913 J 

Ee Ae ee 0.708 66 0.71260 0.71654 0.71850 0.720 47 
19 0.748 0 0.751 97 0.755 91 O.757 ST O.759 S4 
20 haa O.7S7 40 0.791 34 0.795 28 O.T9T 24 0.799 91 
21 sccee CORT 0.830 71 0.83465 0.83661 
22 alee pies 0.855 14 O.S70 OS O.874 02 O.875 9S 

TD ene orc 0.905 51 0.909 45 0.913 39 0.915 35 
a4... see ée 0.944 SS O.S48 82 0.95276 0.954 72 

25 ; ia 0.984 25 0.988 19 0.992 13 0.994 09 0.996 06 
26 1.023 62 1.027 56 1.031 50 1.033 46 1.035 438 
2% 1.062 99 1.066 93 1.070 ST 1.072 83 1.074 SO 
2s 1.102 36 1.106 30 1.110 24 1.112 20 1.114 17 
29 1.141 738 1.145 67 1.1496 1.151 57 1.153 54 
3) 1.181 10 1.185 04 1.188 98 1.190 94 1.192 91 
ol 1.220 47 1.224 41 1.228 35 1.2303 1.232 28 
32 1.259 84 1.263 78 1.267 72 1.269 68 1.271 65 
oo 1.299 21 1.303 15 1.307 09 1.309 05 1.311 02 
3 1.338 58 1.342 52 1.346 46 1.348 42 1.350 39 
35 L377 95 1.381 89 1.385 83 1.38779 1.389 76 
3H} 1.417 32 1,421 26 1.425 20 1.427 16 1.429 14 
v1 1.456 69 1.460.65 1.464 57 1.466 53 1.468 51 
ss 1.496 06 1.500 00 1.503 94 1.505 90 1.507 8S 
39 1.535 43 1.539 27 1.543 31 1.545 27 1.507 25 
40 1.574 80 0.1 0.2 0.25 0.3 


mm inches. mm. inches. mm. inches. mm. inches. 
i. 0.002461 13 0.022145 0.005 0.000196 0.05 0.001968 
Wa 0.004921 5G 0.024606 0.01 0.000393 0.06 0.002362 
3/1 0.007382 Li/y, 0.027067 0.02 0.000787 0.07 0.002755 
h/ie 0.012303 13 /,, 0.031988 0.03 0.001181 0.08 0.003149 
he 0.014764 % 0.034448 6.04 0.001574 0.09 0.003543 
$ 0.017224 iy, 0.036909 
SS AND MILLIMETERS INTO INCHES 
0.04 OD 0.6 0.7 0.75 0.8 0.9 


0.031 50 0 
0.07087 9O 
0.11024 90 
0.14961 0. 
0 
0 
0 
0 
0 


0.029 53 
0.068 90 
0.108 27 
0.147 64 


0.015 75 0.019 69 
0.055 12 0.059 06 
0.094 49 0.098 43 
0.133 86 0.137 80 


0.023 62 
0.062 99 
0.102 36 
0.141 73 


0.027 56 
0.066 93 
0.106 30 
0.145 67 





0.173 23 0.18110 0.18504 0.18701 © 0.18898 92 91 
0.212 60 0.22047 0.224 41 0.226 38 0.228 35 32 28 
0.251 97 0.25984 0.26378 0.26575 0.267 72 71 65 
0.291 34 .29% 0.299 21 0.30315 0.30512 06.307 09 11 02 
0.330 71 0.334 65 0.338 58 0.342 52 0.344 49 0.346 46 50 39 
0.37008 0.37402 0.37795 0.38189 0.388386 0.38583 0.389 76 
0.409 45 0.413 39 0.417 32 0.42126 0.423 23 0.42520 0.42913 
0.448 82 0.45276 0.45669 0.46063 0.46260 0.46457 0.468 50 
0.48819 0.492138 0.49606 0.50000 0.50196 0.50394 0.507 87 
0.527 56 1.53150 0.538548 0539387 0.54134 0.54331 0.547 24 
0.566 93 0.5708 0.574 80 O.A7TS8 74 0.580 71 0.582 6S 0.586 61 
0.606 30 =0..610 2 0.61417 9.61811 0.62008 0.62205 0.62598 


0.645 67 


0.65354 0.65748 0.65945 0.66142 0.665 35 
0.685 64 05 





0.696 S85 0.698 82 0.700 77 0.704 TE 
0.724 41 0.786 22 0.73819 0.74016 0.74410 
0.763 78 0.775.59 O.77756 0.77953 0.783 47 


0.81496 0.81693 0.81890 0. 
0.85433 0.856.30 0.85827 0.862 21 
0.89370 0.89567 0.89764 0.90158 


0.8038 15 
0.842 52 
O.SS1 S89 











0.921 26 91% 0.933 07 0.93504 0.937 91 0.940 95 
0.960 63 0.96850 0.97244 0.97441 0.97638 0.98032 
1.000 00 1.007 87 1.911 81 1.013 78 1.015 75 1.019 69 
1.039 37 1.047 25 1.05118 1.053 15 1.055 12 1.059 06 
1.078 74 1.086 62 1.090 55 1.092 52 1.094 49 1.098 43 
1.118 11 1.125 99 1.129 92 1.131 89 1.133 86 1.137 80 
1.157 48 1.165 36 1.169 29 1.171 26 1.173 23 1.17717 
1.196 85 1.204 73 1.208 66 1.210 63 1.212 60 1.216 54 
1.236 22 1.24410 1.248 03 1.250 00 1.251 97 1.255 91 
1.275 59 1.283 47 1.287 40 1.289 37 1.291 34 1.295 28 
1.314 96 1.322 84 1.326 77 1.328 74 1.330 71 1.334 65 
1.354 33 1.362 21 1.366 14 1.368 11 1.370 08 1.374 02 
1.3938 70 1.401 58 1.405 51 1.407 48 1.409 45 1.413 39 
1.433 O07 1.440 95 1.444 88 1.446 85 1.448 82 1.452 76 
1.472 44 1.480 32 1.484 25 1.486 22 1.488 19 1.492 13 
1.511 81 1.519 69 1.523 62 1.525 59 1.527 56 1.531 50 
1.551 18 1.559 06 1.562 99 1.564 96 1.566 93 1.570 87 
0.4 0.5 0.6 0.7 0.75 0.8 0.9 





Book 


[ue PrincrPLes OF AEROGRAPHY, by Prof. Alexander MeAdie. 
(Rand, MeNally & Co. $3.00. Pp. 318. 
With the large increase in the number of men engaged in 

the flying of airplanes and dirigible balloons, the science of 
meteorology has assumed a position of considerable interest 
and importance. It is important that the aviator know some- 
thing of the cause of certain atmospheric phenomena. At 
ground schools, where future aviators are given preliminary 
training for their work, considerable time is devoted to the 
study of this subject. 

The number of books treating with meteorology is not large, 
and very few of them ean be considered up to date. One of 
the latest is a book entitled “ The Principles of Aerography,” 
by Prof. Alexander MeAdie, director of Blue Hill Observatory. 
The information contained in this book is given in a econven- 
lent and condensed form. 

Professor MeAdie’s book has many features not to be found 
in other text-books on the subject. Among these are: results 
of recent aerological investigations, classification of clouds ac- 
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cording to origin rather than appearance, studies of air flow 
at different levels and the gradient wind, studies of ice storms, 
snow-falls equivalent and charts for aviators. 

There is a chapter devoted to the forecasting of storms and 
another dealing with winds. A highly interesting chapter is 
the one devoted to the subject of water vapor in the atmos- 
phere, containing information on the measurement of cloud 
altitudes, classification of clouds, distribution and various types 
of clouds, wave- motion in the air shown by cloud undulations 
and the value of clouds in the forecasting of weather changes; 
all of which is of interest to the aviator and aeronaut. Forma- 
tion of fog, thunderstorm phenomena and rainfall are also con- 
sidered. 

Much information is given in the form of pictures, diagrams 
and charts. The cloud pictures shown, several of which were 
taken by Professor McAdie, are very good. 

The book has about 110 illustrations, charts, and diagrams, 
and a very complete index, which further enhance the value 
of this comprehensive work. 








The 230 Horsepower 


As regards its general lines, the Ago fighting biplane is of 
a strikingly unusual appearance, due mainly to the fact that 
the wings are tapered very pronouncedly from root to tip. 
This feature, so unusual in any modern machine, is decidedly 
disadvantageous from the manufacturing viewpoint, since it 
entails the separate construction of one half the ribs, no two 
of which are alike in one wing. The reasons which prompted 
the designers of the Ago 


Ago Fighting Biplane’ 


piece leave four tapering ends, which would have the effeg 
of cantilever beams proportioned to carry an end load, th 
latter being considered as the lateral load on the spar at thiy 
point. It is possible that the shape of this piece is simph 
the result of an attempt at stiffening the spar for a consid. 
erable distance on each side of the joint, without carrying tm 
much weight. ‘The vertical bolt, to which reference was mat 

above, is not passed 





to adopt the tapering [| 
wing shape become, how- 
ever, evident upon ex- 
amination of the inter- 
plane bracing system. 
Unlike on most Ger- 
man two-seater biplanes, 
which have two pairs 
of interplane struts on 
either side of the body, 
the Ago carries only one 
pair at either tip. In 
place of the conventional 
inner pair of struts there 
is only a single solid wire 
running from the upper 
front spar to the lower 
front spar, while no lift | 
or landing wires occur 


between them. By doing 
away with the inner 
front interplane struts 


a considerable are of fire 
is afforded to the gun 
mounted en barbette on 
the after cockpit, which 
ean thus fire both for- 
ward and backward. Ow- 
ing to the backward slope 
of the leading edge of the 
wings the outer inter- 
plane struts are farther || 
back than they would be |; 
in a machine with straight 
wings and also, owing to 
the taper, closer together 
and therefore obstructing 
the field to a smaller ex- 
tent. The small chord 
at the wing tips also lo- 
ealizes the travel of the 
center of pressure, so 
that the absence of an 
inner front bracing ap 
pears as a less serious 
defect than would seem 
at first sight. The rear spars are, moreover, braced by inner 
interplane struts, one being fitted on either side of the body, in 
the wake of the vertical wire connecting the front spars. 





The wing spars are of an interesting construction, and 
their section is shown in the accompanying sketches. The two 
flanges are glued to thin webs about (5 mm.) the whole 


being wrapped in fabric. No tacks or screws are employed 
for securing the webs to the flanges, gluing and wrapping 
being apparently relied upon to be sufficient for the purpos 
At the points where the ribs oecur a three-ply distance piec 
is glued into the hollow spar. The rear spar, which was of 
slightly smaller dimensions than the front spar, was different 
in that its upper flange had been spindled out, otherwise the 
two spars were similar, also in that in both the top flange was 
not quite so thin as the bottom flange. The spars were con 
structed of what appeared to be some kind of pine, possibly 
Dantzig. 

Where the bolt, serving as an anchorage for the wire run- 
ning to the top plane occurred, the spar was strengthened by a 
packing piece of peculiar form. This is shown in some of 
our sketches, which will, we hope, help to explain it. It 
will be seen that the saw cuts in the ends of this distance 





* Excerpt from Flight. 





PERSPECTIVE VIEWS OF THE AGO FicHTING BIPLANE 


| through the spar it 

but through an addition. 
al stiffening piece glued 
to the front face of the 
spar. Two _ horizonta 
bolts run through th 
spar, and securing on its 
rear face the compression 


| strut for the interna 
wing bracing, are the 
only attachment, apart 


from the glue, of this 
packing piece to the spar 
proper. This arrange 
ment is obviously weak, 

for a pull on the inter. 

| plane wire must result 
in a tendency to twist 
the spar, placed, as it is, 
so far from its vertical 
neutral axis. 

The outer interplane 
struts are streamline 
steel tubes, with a diag- 
onal tube welded to them. 
In addition to this diag- 
onal tube there is a wir 
running diagonally in the 
opposite direction, prob- 
ably to ensure that the 
welded joints of _ the 
struts shall not have to 


| work in tension under 
| the changes in_ load, 


caused by the travel of 
the centre of pressure. 

Constructionally, the 
ribs are of the usual L 
| section, with webs whieh 
| appear to be made of 

poplar, and with flanges 

of ash. In between the 
| spars the webs are light- 
ened by eutting out in 
the usual way. The lead- 
ing edge is of pine, of 4 
rounded V between ribs, but left solid where the 
ribs are attached to it. The trailing edge is a thin lath about 
1 in. wide by 3/16 in. thick. 

Suceessive ribs are of different depth, as well as chord, owing 
to the facet that the spars, in addition to their convergenee, 
are of varying depth from root to tip. Judging from the way 
in which the spars taper, it would appear that the end ribs 
are not of quite the same section as the inner ones. 

The ailerons, which have their tips at a slightly smaller angle 
of ineidence than that of the inner ends, are hinged to a false 
spar slightly to the rear of the rear main spar. The leading 
edge of the ailerons is in the form of a steel tube, partly er- 
closing which, and at some distance from it, is a strip of three 
ply wood, which provides the requisite depth of the leading 
edge of the aileron. A short strip of steel, quite thin, is bent 
around the tube, its two ends projecting back and being at 
commodated in a slot in the rib. This strip is then soldered— 
and probably pinned, although this could not be ascertained 

to the tubular leading edge. 





section 


Half-way between consecutive ribs small distance pieces ate 
tacked to the three-ply, having their free ends abutting on the 
surface of the tube. Another sketch shows the tube to whieh 
the inter-aileron strut is attached. The crank lever of the 
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upper aileron has a forward projection eurving up over the 
false spar, and dipping down in an opening between two ribs. 
To this projection is attached one of the aileron control cables, 
which runs over a pulley in the lower spar and, internally, in 
the lower wing to the cranks on the longitudinal rocking shaft. 
In plain view, the aileron crank lever is bent and runs through 
a rib, the clip attaching it to the inner aileron strut being simi- 
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lar to that of the lower aileron shown in the sketch. From 
this aileron crank a eable passes over another pulley in the 
same casing as that of the first, and hence through the lower 
plane to the controls. It will thus be seen that both elevating 
and depressing the aileron is a positive movement. 

The tubular leading edge of the ailerons is supported by a 
small bearing at the inner end, and by two clips of steel bent 
over the tube and bolted to the false spar at certain intervals. 
This each aileron is carried in three bearings. The outer end 
of the leading edge of the aileron is free. A facet which at 
once impresses itself on one in looking at the lateral control 
of the Ago, is that the point from which the aileron is actuated 
is very near its inner end, leaving a very large amount of the 
aileron area outside, a fact which must give rise to consider- 
able twisting stresses. 

The body which is, as in the majority of German airplanes 
of very roomy proportions, as regards occupants’ accommoda- 
tion, is covered with fabric, except the front around the engine, 
which is covered in with three-ply, as is the floor of the body 
fr. the stern to the gunner’s (rear) cockpit. From there to 
the nose the floor is three-ply, covered with aluminum. In 
section the body is rectangular, a light and comparatively flat 
structure forming a turtle back over the top of the main body 
framework. This turtle back is built up as a separate unit, 
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and is easily detachable by means of a neat and very simple 
clip. 

The four longerons, which are of square section, are pine, 
from the rear cockpit to the stern, while in front they are of 
ash. The struts are steel tubes, and the solid wire bracing is 
attached to the struts in the manner shown in one of the ac- 
companying sketches. A small socket, apparently machined 
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out of the solid steel bar, has holes drilled in its edges, through 
which the bracing wires pass. This socket is slipped over the 
end of the tube, which has small dents in its end to give more 
room for the loop of the wire, and the socket, with its strut, 
is secured to the longeron by a bolt passing through it, with 
the uut and a spring washer inside the socket, as shown in 
section in one of our sketches. 

In front, the body bracing is in the form of diagonal steel 
tubes, no wires being employed. The rear cockpit is occupied 
by the machine gunner, who is seated on a small seat built up 
of a framework of steel tubing, over which is stretched canvas. 
This seat is so hinged and sprung that immediately the gunner 



















CABLE ATTACHMENT OF THE AGO 


stands up the seat springs into a vertical position out of his 
way, in case he wishes to do his shooting in a standing posi- 
tion. When horizontal, the seat is supported by a slanting 
steel tube pivoted at its lower end to the floor, and having its 
upper end running in a steel guide, bolted to the under side 
of the seat. The gun is mounted on a swiveling bracket, which, 
in turn, is supported on a revolving gun ring of wood, form- 
ing, in effect, a turntable, by means of which the gun may be 
traversed in any desired direction. <A stop is provided for the 
gun in the form of two small frames clipped to the rear legs 
of the ecabane, which prevents the gun barrel from traveling 
too far inboard. 

The pilot’s seat, which is in the front cockpit, is placed on 
top of the main gasoline tank resting on the floor of the body. 
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A service gasoline tank is carried in and mounted flush with 
the top plane just to the left of the cabane. In the corre- 
sponding opening in the upper right-hand wing is carried the 
radiator; the water and gasoline is led through the right and 
left cabane legs respectively, thus saving a certain amount of 
piping which would otherwise be exposed to the air. 

The controls are of the usual German type, with a vertical 




















Cross SecTION oF Front SPAR NEAR Bopy (LEFT), AND AT 
PoINT OF ATTACHMENT OF INTERNAL WING 
Bracina (RIGHT) 


lever terminating at the top in a double-handled grip and 
mounted, via a universal joint, on a longitudinal rocking shaft, 
having at its rear end crank levers for the attachment of the 
aileron cables. On the machine in question no guns ar 
mounted, but from the various fittings it appeared that there 
were at one time two machine guns mounted above the engine, 
and with the usual interrupting gear for clearing the propeller 
blades. 

The 230 hp. Benz engine is mounted on two longitudinal 
bearers, which are in turn supported from the body by three 
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struction, is mounted on and moves with the tail plane. No 
very great amount of adjustment is, therefore, possible, as g 
comparatively small movement of the rear spar of the tail plane 
brings the rudder against the edge of the cut out portion of 
the fin. The rudder, which is also built of steel tubes, has no 
support above the stern of the body, this being difficult to 
obtain in conjunction with the adjustable fin. The result js 
that the rudder is very much overhung and does not look any 
too strong for its work. 7 

The under carriage is of the Vee type, built of steel tubes 
stream-lined with wooden fairings. The axle is slung, by 
means of rubber band, from the apex of the Vee, end is en- 
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a stream-lined casing of aluminum. The lower half 
of this easing is bolted to the transverse tube of the chassis, 
while the upper half is hinged along this transverse tube and 
is allowed to move its trailing edge up and down, according to 
the travel of the axle. <A stout wooden tail skid, sprung by 
means of rubber chord inside the body, has at its outer end 
a metal protector in the form of a hemispherical bowl bolted 
to the end of the skid. 


closed 1h 





FALSE SPAR AND AILERON CONSTRUCTION 


direct supports; at the rear by a sloping panel of ply-wood; in 
the middle by tubes sloping up from the junction of the rear 
panel to the lower longerons, and at the front by another panel 
of ply-wood; this is a vertical one. 

In addition to these direct supports, the engine mounting is 
further braced by tubes to the upper longerons, and by di 
agonal tubes from top to bottom longerons. The oil tank, 
which is comparatively small, is carried under the engine 
housing on the right-hand side of the crank chamber. 

The tail planes are similar in construction to that of the main 
planes, the same form of box spars being employed. The 
stabilizing plane is brought to the same level as the top of the 
body by dropping the lower longerons somewhat after the 
fashion of the old Deperdussin monoplanes. A clip secures 
the front spar of the tail plane to the longerons, while the 
rear spar is attached by means of a sliding clip arrangement, 
which allows (not during flight) of adjusting the angle of in 
cidence of the tail. The vertical fin, which is of tubular con 
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S. A. E. Election 

The Society of Automotive Engineers elected at its annual 
meeting the following officers for the ensuing year: 

President—C. F. Kettering, Dayton, Ohio; Vice-Presidents 

David Beeeroft, New York City; C. C. Hinkley, Detroit; 
George H. Houston, New York City; Major Fred Glover, 
Washington; Henry R. Sutphen, New York City, and H. BR. 
Brate, Lakemont, N. Y. Members of the Council—Charles 5. 
Crawford, Charles M. Manly and J. V. Whitbeek; Treasurer 

Charles B. Whittelsey. 

Exports of Airplanes 

During October, 1917, the exports of airplanes from the 
United States were valued at $1,028,000 against those for the 
same month of the previous year, which were valued at 
$123,000. For the ten months ending October, 1917, the ex- 
ports of airplanes were valued at $5,235,000. The exports for 
the same period of the previous year amounted to $3,492,000. 
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Development and Progress in Aviation Engines* 


By the Late Henry Souther 


The art of aviation and the industry of building airplanes, 
engines, and accessories, to meet the demands of the art, is 
pow going forward with wonderful strides. Commercial 
usage as well as war usage begins to attract the attention of 
the aeronautical engineer. 

It is interesting to refer back a few years to the Journal of 
The Franklin Institute, dated Oct., 1910, and learn to appre- 
ciate the rapidity of change in the Art. Reference is made 
therein to a “useful load of 450 lb., including three passen- 
gers.” This weight is the equivalent of about 75 gal. of gaso- 
line, which is less than the amount required for four hours’ 
fight of a two-passenger airplane of recent design and con- 
struction. Nearly twice this volume of gasoline is now ear- 
ried, with two passengers and 150 lb. additional useful load. 

Reference is made to airplane flying altitude: ‘“ Prominent 
aviators who undertake a cross-country flight select their 
course With care and maintain a very high altitude.” “ Lam- 
bert, who ordinarily does not seek high altitudes, in soaring 
over Paris, was obliged to ascend to a height of more than 
1600 ft.” In the war zone danger is now imminent below 
16,000 ft. altitude. Much flying is necessary at greater alti- 
tudes. Peaceful cross-country flying is done at what are now 
ealled safe altitudes of from 3000 to 7000 ft. From such alti- 
tudes it is probable that a suitable landing area could be 
reached in case of need. With a “ dead” engine the angle of 
glide is about six to one. This means that a six miles radius 
circle is available for a choice of landing from an altitude of 
one mile. 

Duration of flight is referred to as follows: “ Present-day 
fights are no longer measured in minutes.” “ The hour has 
been exceeded by many pilots.” “ The airplane will enter the 
field of touring.” All this and more is now true after a period 
of six years. 

Aviation engine weight per horsepower delivered has not 
changed much; but engines are more reliable, more efficient 
and stronger, and heavier where experience has taught the 
need. The term “weight per horsepower” is a loose one. 
There are many parts that may or may not be considered as 
apart of the engine of the power plants to be included in the 
weight. Some twenty-eight or thirty items have been found 
in this doubtful class. The weight of gasoline and oil con- 
sumed per hour is figured by some as an element of engine 


weight. It does influence the design of the airplane as a 
whole. It must be known. For example, the rotary, air- 


eooled engine, although very light, about two pounds per 
horsepower, is outclassed by heavier engines if the airplane 
must fly more than three hours. The rotary engine consumes 
too much gasoline and oil per horsepower-hour for long flight. 

Broadly speaking, it may be said that the weight may safely 
vary from two to five pounds per horsepower. This will in- 
elude the weight of magneto, carburetor, and wiring. Other 
elements of the power plant, such as water, water piping, oil 
in the engine and the propeller, are not included. 

An engine which ranks very high for speed, climbing and 
endurance weighs 2.4 lb. per horsepower. This engine is high 
strung and delicate, but very effective. Many types of en- 
gines are in practical use. There is an ever-changing idea as 
to the proper function for each type, and a constant shifting 
of opinion of one engine to another of any given type, as to 
the superiority. Any improvement of design, material, or 
workmanship may result in temporary superiority. Competi- 
tion in this matter is keen. All sorts of daring expedients are 
tried under war pressure. The result is rapid change and 
rapid improvement. 

The future one may not predict. The probable status six 
months hence is only speculation. It is certain that greater 
horsepowers are appearing for all types and sizes of airplanes. 
The result is increased speed, climb, and load-carrying eapac- 
ity. There seems to be no limit to this increase except that 
imposed by lack of experience. This lack is being made good 
very rapidly just now by war conditions. 

About a year ago it was thought that no more than 90 hp. 
could be obtained from a radial rotary, air-cooled engine. 


— 


* Presented at a meeting of the Mechanical and Engineering Section 
of the Franklin Institute. 
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One-third more has been obtained, and nearly double is now 
planned. 

Similar improvement is being brought about, by experience, 
in other engines. An eight-cylinder, V-type engine now de- 
velops consistently 210 hp. Six months ago it did not fune- 
tion as consistently at 180 hp. There has been no radical 
change of design or size. 

Experience has been the teacher. No internal-combustion 
engine of new and extreme design can be brought to a con- 
dition of practical excellence in less than a year, and often 
two years. Yet partially developed engines must be pur- 
chased and used or there will never be complete development. 

The next and very important step is the development of 
organizations that can really manufacture an aviation engine 
or airplane, rather than build a few models, or a dozen or 
two nearly alike. This is a task that will easily occupy an- 
other year of consistent endeavor. At least one aviation 
manufacturing organization finds itself in this state of devel- 
opment. The building nucleus of men must be expanded into 
a manufacturing force. The product must be adapted to 
practical methods of manufacture, to existing tools, and stand- 
ards, so far as possible. Otherwise no quantity production 
may be expected. 

This has been proved many times in other industries. The 
aireraft industrv is not different. In fact, it is astonishingly 
similar to the motor-car industry as found during its begin- 
ning and early growth. 

Perfection would be approached by having each plant pro- 
ducing aviation material, as engines or airplanes, so organized 
and equipped as to manufacture one type only and do that 
well. This condition will be brought about by a consistent 
demand or in response to a pressing need. A proper founda- 
tion for such a development is now being laid by the same 
engineering body that assisted in the amazing growth of the 
motor-car industry—The Society of Automotive Engineers 
(recently Automobile, but expanded to inelude closely-allied 
industries, of which aviation is one). Its standards and engi- 
neering practices will creep into the new industry as they did 
into the older one. 

It is difficult to discuss aviation without mentioning the 
Wright Brothers. They developed much knowledge of flying 
without an engine by gliding experiments, and then sought an 
engine. 

At the outset of the automobile industry the power esti- 
mated as necessary was too small. Practical tests indicated 
that three horsepower would suffice, with a generous factor of 
safety. History repeated itself. Orville Wright recently 
stated that an eight-horsepower engine was figured as neces- 
sary. Such an engine, not to exceed 200 lb. in weight, was 
sought in the open market. This oceurred in 1903, and none 
was offered that was worth considering. 

The Wrights then built a four-cylinder 4-x4-in. engine 
that did weigh less than 200 lb. This engine developed 12 hp. 
and actually flew an airplane. This engine was followed soon 
by a much better one that developed 30 to 35 hp. It was 
simple in the extreme degree. A jet nozzle in the intake pipe 
served to atomize the gasoline; the ignition was a low-tension 
system; the water jackets were of sheet aluminum, the erank 
shaft very small in diameter, as were all other moving parts. 
Later engines of the same design have produced more power, 
are very efficient, and still being used to a limited extent. 

The four-cylinder vertical engine was the first aviation en- 
gine to do real service. The airplane flown with so small an 
amount of power was large in wing area for the load carried, 
slow in speed, and sluggish in movement, judged by present 
standards. Such an airplane resembles the butterfly rather 
than the swallow. It is not like the successful fighting ma- 
chine, yet will surely find place for peace usages. 

Closely following this first type of engine came six-cylinder 
vertical and eight-eylinder V engines of 65 hp. and 75 hp. 
All of these were too light and frail for hard service. Minutes 
of flight were possible, but not hours, as now required. High- 
pressure lubrication to vital parts had not been developed. 
Valves failed because of inadequate cooling and material. 

In Aug., 1908, the Wright Brothers made their first flight 
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in France. Following this date, the French engineers devel- 
oped airplanes and engines of various types that embodied the 
fundamentals demonstrated by the Wrights, so far as the 
airplane was concerned. The scientist contributed much to 
the art by working out the theory of the art of flying. A long 
step forward was taken in the succeeding years. 

Air-cooled engines of the radial rotating form were devel- 
oped, then air-cooled and water-cooled vertical and fixed cyl- 
inders. These successive steps again repeated the steps taken 
by those who had developed the automobile and its engine: 
all were too frail and of small power. It seems safe to state 
that nothing as large as 100 hp. was reached or thought neces- 
sary. The Gnome radial rotating engine became most success- 
ful, and, as experience improved the skill of the aviator, the 
power of the engine grew gradually from 60 hp. up to 90 hp. 
Similarly the speed of the airplane increased up to 60 or 70 
m.p.h., with slow speed or landing speed in the neighborhood 
of 40 m.p.h. 

After a few years of this normal development, with reason- 
able progress relatively slow because of the enormous cost 
attending aircraft experiment, came the present European 
war. Then began a feverish and rapid development, during 
which rash moves were made and long chances of an engineer- 
ing character were taken. How much the demands of war 
have advanced the art of aviation can only be guessed, but 
surely as much as a generation. 

As soon as the absolute necessity of aircraft as a part of a 
modern army was demonstrated, the production of them was 
forced to the limit. 

Extreme types are built and flown. Planes of small area, 
equipped with engines of large horsepower, which must be 
landed at 80 m.p.h., must be used. This type is the fighting 
craft that seeks altitudes above the hostile projectile danger 
zone (about 18,000 ft.), and higher yet in order to be able 
to swoop down on the slower plane or upon some less skillful 
aviator. One hundred horsepower is no longer enough for 
this light and agile airplane. An engine, eight-cylinder, V 
type, of 150 hp., is most popular now, but with a tendency 
toward, and small actual use of, 200 hp., yielding a speed of 
140 m.p.h. and a climb of more than 1000 ft. per minute. 

The only type of airplane used for war purposes, satisfied 
by an engine of 100 hp. or less, is the school machine, which 
carries teacher and student, tandem or side by side, in the 


body. Thousands of these are needed and being used in 
Europe. It is pleasing to know that one engine being built 


in the United States is giving excellent satisfaction in England 
for this purpose. 

For large war craft, battleplanes so-called, more powerful 
engines are used. So far as known, this demand is met by 
engines of 250 to 350 hp. These aircraft carry bombs of 
explosives up to 1000 lb. in weight, and small defensive guns. 
They are not agile nor fast, and are defended by fast ma- 
chines when possible to do so. They are the battleships of the 
air, defended by the torpedo-boat. 

To produce this power, 12 and 18 cylinders are used. The 
latter is of the V type, with three rows of cylinders in place 
of two. It is new and said to be very successful. The power 
is transmitted to the propeller through gears, the propeller 
rotating about three-fifths engine speed, at about 1000 to 1200 


r.p.m. Wherever possible, gearing is avoided because of the 
great weight added and increased mechanical difficulties. The 
difficulties surrounding the propeller problem also deter. The 


combination of much power and high speed tends to wreck 
propellers. There are many elements entering into this phase 
of the use of large powers not yet fully understood. 

An obvious means to equip an airplane with more power is 
to use more than one engine unit. This is done and will be 
done, but there is a penalty attachea to the plan. The ideal 
disposition of weight in an airplane is to have all concentrated 
at the center of gravity of the entire structure. A single en 
gine unit approaches this condition as nearly as may be. Two 
units mounted out in the wings, away from the center of grav- 
ity, inerease the inertia, decrease the agility and maneuvering 
quality very much. An airplane so equipped cannot quickly 
turn and twist to avoid the attack of the fast machine. 

There will come a time when all engineering attention is not 
drawn to airplanes for war purposes. Then a type of plane 
will be developed that will not have speed, agility, and climb- 
ing power as its principal attributes. Much less power will 
fill this need, and a much more normal aircraft will result. 
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Then the multiple unit plane will have a chance to develop, 

Our present aircraft development is what the racing cr 
has been to the automobile industry—a wonderful developer 
for normal product and usage. In time real manufacture will 
begin, prices will drop and popularity increase. Engines to 
meet such a purpose will develop rapidly. They will, as noy 
be highly refined as to their essential functions, but of op. 
dinary construction as to the non-vital functions. At present 
the extreme of design, workmanship, and material is the aim 
for all parts. The art is too young to permit any other pro- 
cedure. 

Engine Design 


The desired engine must be light, but it must be reliable. Jj 
must be capable of continuous operation at very nearly fqlj 
capacity for long periods. A 20,000-ft. climb requires that 
everything shall be perfect. 

The periods of partial use and rest are short, as for a glide. 
The period of level flying is from 75 per cent full power to 
full power, at the desire of the operator. Pursuit or flight 
means full power, patrol or observation duty means less; but 
at no time does the usage approach that of the motor-car 
engine. The demand is even greater than that on the marine 
engine, which carries a very constant load; but the marine 
engine may be made heavy—the aviation engine must be light. 
; Experience has taught that lightness must be abandoned in 
favor of stiffness and strength for all vital parts, such ag 
crankshaft, erank-base, main bearings, crank-pin and piston- 
pin bearings, and that all possible lightness must be gained by 
hollow construction in combination with materials most care 
fully chosen. Coupled with these features must be found most 
thorough oiling at high pressure, with oil led in a positive 
manner to all vital points. Much experimenting must be done, 
even after careful design, to arrive at a proper distribution 
of oil. Clearances, oil apertures and oil viscosity (hot) must 
be balanced. 

Poppet valves must close on seats that are thoroughly 
cooled. Exhaust valves run cherry red hot at best. Prepara- 
tions and detail of design must avoid warping and breakage. 

Ignition is desired in complete duplicate for each cylinder. 
Magnetos must be coupled and driven in such a manner as to 
minimize vibration. Magneto difficulties have been of mechan- 
ical failure more than electrical, and the direct result of ex- 
cessive strains due to rigid driving couplings. Wiring must 
be carefully conducted and fastened to prevent failure from 
chafing, following excessive vibration. 

Spark-plugs have been the cause of more trouble and uneer- 
tainty than any other single item of aviation engine detail 
The prime difficulty has been to keep the plug cool. A cool 
location must be provided in the design. The plug must not 
extend so far into the explosion chamber as to be seriously 
flame-swept, nor must it be deep in a hole or recess with de 
layed and irregular ignition. The plug itself must be gat 
tight to prevent “ blow by” and resulting overheat. The plug 
that satisfies the automobile engine will fail quickly under 
aviation service. This defect is more serious than appreti- 
ated, and must be guarded against. It is not easy to locate, 
as often assumed. Frequent change of plugs is now resorted 
to in the interest of reliability. Close attention to the fore 
going and simple items will surely increase spark-plug life and 
engine reliability. 

There is no more mystery about an aviation engine than 
about any other, when the real truth is known. 

One hundred and fifteen pounds per square inch mead 
effective pressure is very hard to handle in connection with 4 
light bit of construction. This pressure is needed to yield the 
horsepower per unit volume. 

The perfect balance of moving parts is necessary. The ait 
plane structure is very sensitive to vibration, and the oect- 
pants are seriously disturbed by an engine not functioning 
smoothly. 

Perfect distribution of gas to give uniform explosions is 4 
requisite. The delicate engine structure fails rapidly under 
the influence of irregular impulses. Carburetor parts, thin 
aluminum castings, wiring, gasoline tanks and piping, mag 
neto, radiator, and propellers all fail to a serious extent B 
the presence of vibration. 

Simplicity of design, with the smallest possible number of 
parts, must be the aim. Each additional screw, joint, P 
or accessory increases chance of trouble in the air. The fail- 
ure of such detail may cause a forced landing accident. 
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The fire risk may be minimized by such design of engine 
compartment as will promote the movement of a large volume 
of air in and out of the engine compartment—in such a way 
43 to carry gasoline or gas clear of the airplane body and 
operator's cock-pit. Without an accumulation of gasoline the 
danger is small. 


Engine Workmanship 


The keynote of this feature is that quality must come first, 
wst second or last. Time must be taken to arrive at the de- 
sired accuracy or finish. Time and money must be spent to 
balance reciprocating parts. A limit of one per cent differ- 
ence of weight for all pistons and rods in an engine is required 
jin some cases. Exact balance of all pairs is required. 

Piston rings must be tight as the result of perfect fit and 
bearing. Many rings must be discarded to get perfect sets. 
Rings good enough for motor-car engines will not do the work 
jn aviation engines. 

The engine must not throw oil from any joint, valve stem, 

ar-box, or pipe. Oil so thrown may easily cloud the goggles 
of the pilot. Only the closest of fits will achieve such oil- 
tightness. 

Castings, whether aluminum or iron, must be true and of 
even wall thickness and of extreme lightness. Many rejections 
must be made to get the uniformity needed. Such rejections 
should be figured by those accepting engine casting orders. 
The best of pattern equipment and forging dies must be fur- 
nished for a comparatively small number of pieces. This adds 
materially to the cost of a part, but is necessary to attain 
workmanship of aviation engine quality. 

Machine tools, fixtures, and methods must be such as to pro- 
duce absolute accuracy, regardless of cost. “ Quality first” 
should be the watchword in aviation, not “ Safety first,” be- 
cause high quality means safety. 

It is very hard to create this atmosphere among business 
men, superintendents, foremen, and workmen, who have al- 
ways been obliged to keep in mind the cost and selling price 
of a product to meet competition. There is no competition in 
airplane engines yet. The art is too new. Performance comes 
first. Only the best in design, material, and workmanship will 
suffice. 

It is possible that too much time and money are being spent; 
but at this time experience has not been great enough to be 
certain of this. Continued use over a long period of time will 
determine. During the youth of the industry is not the time 
to take a chance. 

Quality and safety come first. 


Engine Materials 


_ Excellent material is required for a motor-car engine which 
is rarely worked to anywhere near its limit of power. Take 
for an example a 40-hp. engine. It runs quietly about over 
roads nearly level, with liberal lubricant for the work being 
done and consuming hardly 25 per cent (10 hp.) of its rated 
power. 

Under comparable conditions an airplane engine uses 75 per 
cent of its power. Lubrication must be perfect, not nearly so. 

Further: a motor-car engine of 672 cu. in. eapacity is given 
anormal rating of 65 hp. An aviation engine of the same 
volume is rated at 154 hp. As a motor-car engine not over 25 
per cent, or 16 hp., would be ordinarily used, but as an avia- 
tion engine not less than 75 per cent, or 114 hp., would be 
habitually used, a ratio of about 7 to 1. 

In addition, the aviation engine is built as light as possible, 
say about one-half the weight for a given piston displacement. 
oughly speaking, this represents a punishment of material 
within the aviation engine fourteen times as severe as that in 
the motor-car engine. 

The present life of an aviation engine indicates severe 
punishment. Up to the time when a complete overhaul is 
necessary this life is about fifty hours at, say, 100 m.p.h., 
or a total of 5000 miles. A motor-car engine runs about 
25,000 miles up to the time when an overhaul repair is neces- 
sary. The speed cannot average over 25 m.p.h. This means 
1000 hours’ operation, or twenty times that of the aviation 
engine, 

A severe test of endurance for the motor-car engine under 
shop or laboratory conditions, and where destruction of the 
engine is invited and closely approached, is under a develop- 
ment of power of about 0.15 hp. per cubic inch displacement. 
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It it considered a fine performance for a stock motor-car en- 
gine to last 300 hours under this load. The aviation engine 
must do not less than this at any time and with 100 per cent 
score. Otherwise the engine is not a successful aviation en- 
gine. 

These are rough comparisons, but they show the relative 
severity of work. To meet these severe conditions the very 
best of steel for each engine part must be used. “ Best” 
means that money must not hinder, but high-priced steel is 
not sure to be best. The highest of technical skill must be 
utilized: first, to select the steel from chemical and physical 
soundness standpoints; second, to treat it in such a manner 
as to give the best possible endurance and the highest elastic 
limit consistent with the possibility of machining. Here, 
again, money must not be a consideration. Slow methods may 
be necessary to work the material. 

The ecrank-shaft of a motor-car engine is usually so large 
and heavy as to permit the use of steel having an elastic limit 
of about 70,000 lb. per sq. in. and with a physical structure 
not very highly refined by heat treatment. Experience has 
shown this to be good practice. 

The crankshaft of an airplane engine may be more in diam- 
eter, but hollow to such an extent as to demand the highest 
elastic limit that can be machined, say from 120,000 to 140,000 
lb. per sq. in., with a reduction of area, denoting the highest 
refinement of grain, of 50 per cent or more. 

The lighter parts of a motor-car engine, such as valve 
rocker arms, are given a toughening treatment for a fair forg- 
ing steel, say 60,000 to 80,000 lb. per sq. in. elastic limit. 
The rocker arms of an airplane engine are so light and deli- 
cate as to require a fine alloy steel most carefully treated to 
give resistance to vibration and alternate stress. The elastic 
limit should also be in the neighborhood of 130,000 lb. per 
sq. in. This, coupled with hardness at certain points, brings 
additional care and expense. 

A deeade hence there will exist an accumulation of empirical 
knowledge. Extremes will then be less common or else the 
extreme of today will be the commonplace of the future. Ex- 
perience will repeat in aviation as in many other industries 
and arts. 


Book Review 

“ DyKE's AUTOMOBILE ENcycLopepis,” A. L. Dyke, St. Louis. 
(Sixth Edition, 1918. $8, 900 pp., 3392 ill.) 

Dyke’s Automobile Encyclopedia is a book well deserving 
the attention of the aviator and the air mechanic for, although 
it does not specifically deal with aviation engines it treats the 
subject of the internal combustion engine in such a compre- 
hensive manner that the working of the stationary aviation 
engine becomes self-explanatory. The fact that the Signal 
Corps Aviation School at San Diego, Cal., is using this book 
in its course of instruction particularly recommends Dyke’s 
Automobile Encyclopedia to the aeronautical student. 

The book is not what one might term an encyclopedia in the 
true sense of the word, yet it is one of the most complete 
reference works on automobiles published; any subject, 
trouble, remedy or repair one can think of can be found in 
the 6000 lines of index. 

The repair subject is, perhaps, the most interesting part 
of the book. There are 1189 illustrations and 154 pages 
devoted to this subject alone. Other instructions cover such 
subjects as: how to build a repair shop for home or business, 
and how to equip the shop from small tools to regrinding 
cylinders. Tire repairs, welding, battery charging, etc., are 
thoroughly treated. The reader is taught how to use tools; 
how to cut threads; how to distinguish S. A. E. and U. S. S. 
threads; how to use and read measuring instruments; how to 
solder, case harden and repair radiators; how to redesign 
old cars; how to straighten frames, fenders, ete. 

The subject of oxy-acetylene welding is very complete and 
fully illustrated. The instructions on ignition systems cover 
the entire field and in a simplified manner which anyone can 
understand. Instructions on the electrie starting, generating 
and lighting are simplified with hundreds of clear illustrations 
of diagrams. There are 775 illustrations and 279 pages 
devoted to electric matters, including the storage battery and 
ignition subjects. In addition there are two supplements on 
the Ford and Packard cars, with 91 pages and 332 illus- 
trations, a part of which are printed in two colors. 












3N16—Specifications for Aluminum Alloy 
Sheet 

‘JENERAL.—1. The general specifications, 
1G1, shall form, according to their ap 
plicability, a part of these specifications. 

MATERIAL.—2. The aluminum alloy of 
these sheets shall be made from standard 
No. 1 aluminum conforming to I. A. S. 3. 
specification 2N1. The specific gravity of 
the aluminum alloy shall not be greater 
than 2.85. 

MANUFACTURE.—3. No scrap shall be 
used other than that produced in the man 
ufacturer’s own plants and which is of 
the same composition as the material 





specified. 

WORKMANSHIP AND Fintsu.—4. (a) All 
sheets shall be sound, flat, free from 
buckles, seams, discoloration or other sur 
face defects. 

(b) Any sheet may be rejected because 
of injurious defects or faults in manufac 
ture at any time, notwithstanding that it 
has previously passed inspection; it shall 
be returned to the manufacturer at the 
latter's expense. This clause shall not be 
taken to apply to materials fabricated 
after export. 

PHYSICAL PROPERTIES AND TESTS.—>}. 
The sheets may be specified in either of 
two tempers as desired. Specimens cut 
in any direction from the sheets must 
have the following physical properties: 

Tensile Test.—(a) 


Temper | Temper 2 
Kilo- Kilo- 
grams grams 
Pounds per Pounds per 
per Square per square 
square milli- square milli- 
inch meter inch meter 
Minimum tensile 
strength 55,000 38.6 50,000 35.1 
Minimum yield 
point ae 25,000 17.5 25,000 17.5 
Minimum elonga- 
tion in 2 inches. 15 per cent. 20 per cent. 


Bend Test.—(b) Strips cut from sheets 
of either temper shall withstand being bent 
cold through an angle of 180° around a 
diameter equal to four times the thick 
ness of the sheet. 

SELECTION OF TEST SPECIMENS.—6. Test 
specimens shall be cut from a sheet select 
ed from each 500 pounds or individual lot 
submitted of less than 500 pounds. 

DIMENSIONS AND TOLERANCES.—7. The 
tolerances upon sheets shall be those 
given in the table below : 


Brown & 


Sharpe Thick- Toler- Thick- Toler- 
gauge ness ance ness ance 
Villi- Villi- 
Inch Inch meters meter 

10-17 0.1019-0.0453 +0.003 2.588-1.151 0.070 
18-26 .0403— .0159 + 002 1.024 104 051 


DELIVEKY, SHIPPING AND PACKING.—%S. 
The sheets shall be delivered in boxes 
of gross weight not greater than 220 
pounds (100 kg.). 


3829.-Specifications for Annealed Carbon 
Steel Forgings and Stampings 
(65,000 Pounds per Square Inch 
Tensile Strength.) 
GENERAL.-—1. The genera! specifications 
1G1, shall form, according to their ap 
plicability, a part of these specifications. 
MATEKIAL.—2. The steel! from which 
these forgings or stampings are made 
shall conform to I. A. S. B. specification 
382; the steel has the fellowing compari 


son: 
Phos- 
phorus, Sulphur, 
Man- maxi- maxi- 
Number Carbon ganese mum mum 
1035 0.30-0.40 0.50-0.80 0.045 0.050 
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MANUFACTURE. >. Heat Treaiment 
(a) All forgings or stampings shall be an 
nealed. 

(b) Forgings or stampings which fail 
to meet the physical tests may, at the op 
tion of the purchaser, be reannealed. 

WORKMANSHIP AND FINISH. $. (a) 
The forgings and stampings must be uni 
form in quality, free from pipes, laps. 
cracks twists, seams, and must have a 
workmanlike finish. 

(b) A forging or stamping may be re 
jected at any time because of injurious 
defects or faults which are revealed by 
manufacturing operations, notwithstand 
ing that it has previously passed inspec 
tion. Such rejected forgings or stampings 
shall be returned to the manufacturer at 
his expense. This clause shall not apply 
to materials fabricated after export. 

PHYSICAL PROPERTIES AND TESTS.—5. 
(a) The heat-treated forgings or stamp 
ings shall have the following physical 
preperties : 

Tensile Tesi. (Db) 


Kilograms 


Pounds per 
per square 
square milli- 
inch meter 
Minimum tensile strength 65,000 15.7 
Minimum yield point 36,000 25.3 
Minimum elongation in 2 inches 
or proportional gauge length 25 per cent. 
Minimum reduction of area 5O per cent. 


Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail 
able, tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram 
meters). Results markedly lower than 
the average for this type of material will 
be suflicient cause for further investiga 
tion (or reheat treatment) of the mate 
rial. 

Brinell Hardness Test (d) The Bri 
nell hardness test shall be made after the 
tensile test has been met. The procedure 
shall be as follows: 

(1) Forgings for a Prolongation for 
Tensile Test Specimens: A hardness test 
shall be made on the prolong and on the 
opposite end of the forging. The hardness 
values obtained must agree within 3 per 
cent. Hardness values of other forgings in 
the same lot must agree with the average 
of the two test values within 3 per cent. 

(2) Forgings or Stampings Without 
Prolongations: Hardness tests shall be 
made on the forgings or stampings selected 
for the tensile test and must agree within 
3» per cent. The hardness values of other 
forgings or stampings in the same lot must 
agree with the average of the values so ob 
tained within 3 per cent. 

(3) Forgings or Stampings from Which 
a Tensile Test Specimen Can Not Be Pro 
cured: A hardness test shall be made on 
the forged bar representing the forgings 
or stampings. The hardness values of the 
forgings or stampings in the lot must 
agree with that obtained on the bar with 
in 3 ner cent. 

SELECTION OF TEST SPECIMENS.—6. (@) 
Forgings or Stampings Weighing 6 Pounds 
(3.7 kg.) or Over.—If desired, each piece 
may be required to have a prolongation 
for the tensile test. Two per cent of the 
forgings or stampings in each lot shall 
he subjected to the tensile test unless a 
tensile test is specified for each forging or 
stamping. 

(6b) Forgings or Stampings Weighing 
Less than 6 Pounds (3.7 kg.) and of Suit 
able Section for Securing a Tensile Test 
Specimen.—Two per cent of the forgings 
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or stampings shall be taken for the tensile 





test. 

(c) Forgings or stampings from whig 
no tensile test specimen can be secure 
shall be represented by a bar forged froy 
the same material and to the ruling ge. 
tion of the forgings or stampings in th 
lot. The bar must be heat-treated with 
the lot which it represents. 

(7) At least one tensile test shall fp 
made for each lot of 50 forgings or stamp 
les. 

(©) A hardness test may be require 
on each forging or stamping offered. & 
least 25 per cent of the pieces in each lg 
shall be tested for hardness. 

(f) All the forgings or stampings in, 
lot shall be heat treated at the same time 
and if possible shall be from the same hey 
of steel. 

DIMENSIONS AND TOLERANCES.—7. Th 
forgings and stampings shall conform » 
the dimensions on the drawings with 
the tolerances specified. Surfaces whid 
are to be machined shall admit of finish 
ing to the required dimensions wither 
leaving trace of the original surface. 

PACKING, SHIPPING, AND DELIVERY—~ 
Small forgings or stampings shall be boxe 
for shipment; the gross weight of individ 
ual boxes must not exceed 220  pouni 
(100 kg.). Each kind and lot of forging 
or stampings shall be kept separate s 
inspected. 












































3530--Specifications for Heat-Treated Carba 
Steel Forgings and Stampings 
(80,000 Pounds per Square Inch 
Tensile Strength.) 
(GZENERAL.—1. The general specification 
1G1, shall form, according to their # 
plicability, a part of these specifications 
MATerRIAL.—2. The steel from whid 
these forgings or stampings are maé 
shall conform to I. A. S. B. specificatie 
$S2: the steel has the following compes 
tion: 















Phos- 
phorus, Sulpbe 
Man- maxi- mai 
Number Carbon ganese mum mun 
1035 0.30-0.40 0.50-0.80 0.045 0.08 
MANUFACTURE. 3. Heat Treatment- 









(a) Forgings or stampings should be a 
nealed before heat treatment. 

(b) Forgings or stampings which fa 
to meet the physical tests may, at the @ 
tion of the purchaser, be reheat treated 

WORKMANSHIP AND FINISH. 4. (0 
The forgings and stampings must be wl 
form in quaiity, free from pipes, lap 
cracks, twists, seams, and must have! 
workmanlike finish. 

(») A forging or stamping may be®™ 
jected at any time because of injurié 
defects or faults which are revealed 
manufacturing operations, notwithstal 
ing that it has previously passed inspé 
tion. Such rejected forgings or stampins 
shall be returned to the manufacturer # 
his expense. This clause shall not app 
to materials fabricated after export. _ 

PHYSICAL PROPERTIFS AND TESTS— 
(a) The heat-treated forgings or staly 
ings shall have the following  physi@ 
properties : 


Tensile Test.—(b) 




































































Pounds 
per square 
square mill- 









inch metet 
Minimum tensile strength 80,000 56.2 
Minimum yield point 60,000 2.3 
Minimum elongation in 2 inches 








or proportional gauge length... 22 per cent. 
Minimum reduction of area... 45 per cent. 


Impact Test.—(e) When impact-testi® 
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machines of the pendulum type are avail- 
able tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram- 
meters). Results markedly lower than 
the average for this type of material will 
be suthcient cause for further investiga- 
tion (or reheat treatment) of the material. 

Brinell Hardness Test.—(d) The Bri- 
nell hardness test shall be made after the 
tensile test has been met. The procedure 
shall be as follows: 

(1) Forgings with a Prolongation for 
Tensile Test Specimens: A hardness test 
shall be made on the prolong and on the 


opposite end of the forging. The hard- 
ness values obtained must agree within 
3 per cent. Hardness values of other 


forgings in the same lot must agree with 
the average of the two test values within 
3 per cent. 

(2) Forgings or Stampings Without 
Prolongations: Hardness tests shall be 
made on the forgings or stampings se- 
lected for the tensile test and must agree 
within 3 per cent. The hardness values 
of other forgings or stampings in the same 
lot must agree with the average of the 
values so obtained within 3 per cent. 

(3) Forgings or Stampings from Which 
a Tensile Test Specimen Can Not Be Pro- 
cured: A hardness test shall be made on 
the forged bar representing the forgings 
or stampings. The hardness values of 
the forgings or stampings in the lot must 
agree with that obtained on the bar with- 
in 3 per cent. 

SELECTION OF TEST SPECIMENS.—6. (a) 
Forgings or Stampings Weighing 6 Pounds 
(3.7 kg.) or Over.—If desired, each piece 
may be required to have a prolongation 
for the tensile test. Two per cent of the 
forgings or stampings in each lot shall be 
subjected to the tensile test, unless a ten- 
sile test is specified for each forging or 
stamping. 

(b) Forgings or Stampings Weighing 
Less Than 6 Pounds (3.7 kg.) and of Suit- 
able Section for Securing a Tensile Test 
Specimen.—Two per cent of the forgings 
or stampings shall be taken for the ten- 
sile test. 

(c) Forgings or stampings from which 
no tensile test specimen can be secured, 
shall be represented by a bar forged from 
the same material and to the ruling seec- 
tion of the forgings or stampings in the 


lot. The bar must be heat treated with 
the lot which it represents. 
(7) At least one tensile test shall be 


made for each lot of 50 forgings or stamp- 
ings. 

(e) A hardness test may be required 
on each forging or stamping offered. At 
least 25 per cent of the pieces in each lot 
shall be tested for hardness. 

(f) All the forgings or stampings in a 
lot shall be heat treated at the same time, 
and if posible shall be from the same heat 
of steel. 

DIMENSIONS AND TOLERANCES.—7. The 
forgings and stampings shall conform to 
the dimensions on the drawings within 
the tolerances specified. Surfaces which 
are to he machined shall admit of finish- 
ing to the required dimensions without 
leaving trace of the original surface. 


PACKING, SHIPPING, AND DELIVERY.—8S. 
Small forgings or stampings shall be 


boxed for shipment; the gross weight of 
individual boxes must not exceed 220 
pounds (100 kg.). Each kind and lot of 
forgings or stampings shall be kept sep- 
arate as inspected. 
3831—Specifications for Heat-Treated Carbon 
Steel Forgings and Stampings 
(95,000 Pounds per Square Inch 
: Tensile Strength.) 
GENERAL.—1. The general specifications, 
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1G1, shall form, according to their ap- 
plicability, a part of these specifications. 

MATERIAL.—2. The steel from which 
these forgings or stampings are made 
shall conform t o I. A. 8S. B. specifications 
3835; the steel shall have the following 
composition : 


Phos- 
phorus, Sulphur, 
} Man- maxi- maxi- 
Number Carbon ganese mum mum 
1045 0.40-0.50 0,50-0.80 0.045 0.050 « 
MANUFACTURE. 3. Heat Treatment.— 
(a) Forgings or stampings should be an- 


nealed before heat treatment. 

(b) Forgings or stampings which fail 
to meet the physical tests may, at the op- 
tion of the purchaser, be reheat treated. 

WORKMANSHIP AND FINISH. — 4. (@) 
The forgings and stampings must be uni- 
form in quality, free from pipes, laps, 
cracks, twists and seams, and must have 
a workmanlike finish. 

(b) A forging or stamping may be re- 
jected at any time because of injurious 
defects or faults which are revealed by 
manufacturing operations, notwithstand- 
ing that it has previously passed inspec- 
tion. Such rejected forgings or stamp- 
ings shall be returned to the manufactur- 
er at his expense. This clause shall not 
upply to materials fabricated after export. 

PHYSICAL PROPERTIES AND TESTS.—5. 
(a) The heat-treated forgings or stamp- 


ings shall have the following physical 
properties : 
Tensile Test.—(a) 
Kilograms 
Pounds per 
per square 
square milli- 

; inch meter 
Minimum tensile strength...... 95,000 65.8 
Minimum yield point.......... 70,000 49.2 
Minimum elongation in 2 inches 

or proportional gauge length... 18 per cent. 
Minimum reduction of area..... 45 per cent. 


Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail- 
able, tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram- 
meters). Results markedly lower than 
the average for this type of material will 
be sufficient cause for further investiga- 
tion (or reheat treatment) of the mate- 
rial. 

Brinell Hardness Test.—(d) This test 
shall be made after the tensile test has 
been met. The procedure shall be as fol- 
lows: 

(1) Forgings with a Prolongation for 
Tensile Test Specimens: A hardness test 
shall be made on the prolong and on the 
opposite end of the forging. The hard- 


ness values obtained must agree within 
3 per cent. Hardness values of other 


forgings in the same lot must agree with 
the average of the two test values within 
3 per cent. 

(2) Forgings or Stampings without 
Prolongations: Hardness tests shall be 
made on the forgings or stampings select- 
ed for the tensile test and must agree 
within 3 per cent. The hardness values 
of otuer forgings or stampings in the 
same lot must agree with the average of 
the values so obtained within 3 per cent. 

(3) Forgings or Stampings from Which 
a Tensile Test Specimen Can Not Be Pro- 
cured: A hardness test shall be made on 
the forged bar representing the forgings 
or stampings. The hardness values of the 
forgings or stampings in the lot must 
agree with that obtained on the bar with- 
in 3 per cent. 

SELECTION OF TEST SPECIMENS.——(6) 
Forgings or Stampings Weighing 6 Pounds 
(3.7 kg.) or Over.—(a) If desired, each 
piece may be required to have a proionga- 
tion for the tensile test. Two per cent of 
the forgings or stampings in each lot 
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shall be subjected to the tensile test unless 
a tensile test is specified for each forging 
or stamping. 

(b) Forgings or Stampings Weighing 
Less Than 6 Pounds (3.7 kg.) and of Suit- 
able Section for Securing a Tensile Test 
Specimen.—(b) Two per cent of the forg- 
ings or stampings shall be taken for the 
tensile test. 

(c) Forgings or stampings from which 
no tensile test specimen can be secured, 
shall be represented by a bar forged from 
the same material and to the ruling sec- 
tion of the forgings or stampings in the 
lot. The bar must be heat-treated with 
the lot which it represents. 

(d) At least one tensile test shall be 
made for each lot of 50 forgings or stamp- 
ings. 

(e) A hardness test may be required on 
each forging or stamping offered. At 
least 25 per cent of the pieces in each lot 
shall be tested for hardness. 

(f) All the forgings or stampings in a 
lot shall be heat treated at the same time, 
and if possible shall be from the same 
heat of steel. 

DIMENSIONS AND TOLERANCES.—7. The 
forgings and stampings shall conform to 
the dimensions on the drawings within 
the tolerances specified. Surfaces which 
are to be machined shall admit of finishing 
to the required dimensions without leay- 
ing trace of the original surface. 

PACKING, SHIPPING, AND DELIVERY.—S. 
Small forgings or stampings shall be 
boxed for shipment; the gross weight of 
individual boxes must not exceed 220 
pounds (100 kg.). Each kind and lot of 
forgings or stampings shall be kept sep- 
arate as inspected. 


3N10—Specifications for Babbitt Metal for 
Bronze-Backed Bearings 
GENERAL.—1. The general specifications, 
1G1. shall form, according to their appli- 
cability. a part of these specifications. 
MarTreriat.—2. The composition of the 
material shall he as follows: 





Allowable 
Constituent. Desired. variation. 
Per cent. Per cent. 
Tim, . 91.00 90-92 
Antimony 4.50 4-5 
Copper.. 4.50 4-5 
Lead, maximum. i 20 ; 





SAMPLE FOR ANALYSIS.—3. (a) The in- 
spector shall select one ingot from each 
lot of 25. The manufacturer shal] melt 
this ingot in a clean ladle and cast there- 
from one or more sample bars 6 in. long, 
1 in. wide, and not more than 14 in. thick. 

(b) Saw cuts shall be made in each 
sample bar, as shown in the diagram be- 


low. The cuttings shall be thoroughly 
mixed and must be free frem iron and 
dust. Samples for analysis shall be taken 


from the mixed cuttings. 














MANUFACTURE... (a) The’ babbitt 
metal shall be made from lake or elec- 
trolytic copper conforming to the I, A. 


S. B. specification 2N2 and from the best 
commercial grades of tin and antimony. 

(b) No serap shall be used other than 
that produced in the manufacturers’ own 
plants and which is of the same compo- 
sition as the material specified. 
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3S32—Specifications for Heat-Treated Alloy 
Steel Forgings and Stampings 
(100,000 Pounds per Square Inch 
Tensile Strength.) 

GENERAL.—1. The general specifications, 
1G1, shall form, according to their ap- 
plicability, a part of these specifications. 

MATERIAL.—2. The steel from which 
these forgings or stampings are made 
shall conform to I. A. S. B. specification 
383. 

MANUFACTURE. Heat Treatment.— 
(a) Forgings or stampings should be an- 
nealed before heat treatment. 

(vb) Forgings or stampings which fail 
to meet the physical tests may, at the op 
tion of the purchaser, be reheat treated. 

WoRKMANSHIP AND FINISH. 4. (a) 
The forgings and stampings must be uni 
form in quality, free from pipes, laps, 
cracks, twists, and seams, and must have 
a workmanlike finish. 

(vb) A forging or stamping may be re- 
jected at any time because of injurious 
defects or faults which are revealed by 
manufacturing operations, notwithstand- 
ing that it has previously passed inspec- 


2 
= ae 


tion. Such rejected forgings or stamp 
ings shall be returned to the manufac 
turer at his expense. This clause shall 
not apply to materials fabricated after 
export. 

PHYSICAL PROPERTIES AND TeEsts.—5 


(a) The heat-treated forgings or stamp 


ings shall have the following physical 
properties : 
Tensile Test.—(b) 


Kilograms 
Pounds per 
per square 
square milli- 
inch meter 
Minimum tensile strength. 100,000 70.3 
Minimum yield point 80,000 56.2 


Minimum elongation in 2 inches 
or proportional! gauge length.. 
Minimum reduction of area... 


20 per cent. 
oO per cent. 

Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail- 
able, tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or kilogram- 
meters). Results markedly lower than 
the average for this type of material will 
be sufficient cause for further investiga- 
tion (or reheat treatment) of the mate- 
rial. 

Brinell Hardness Test.—(d) The Bri- 
nell hardness test shall be made after the 
tensile test has been met. The procedure 
shall be as follows: 

(1) Forgings with a Prolongation for 
Tensile Test Specimens: A hardness test 
shall be made on the prolong and on the 
opposite end of the forging. The hard- 
ness values obtained must agree within 3 
per cent. Hardness values of other forg- 
ings in the same lot must agree with the 
average of the two test values within 3 
per cent. 

(2) Forgings or Stampings without 
Prolongations: Hardness shall be 
made on the forgings or stampings select- 
ed for the tensile test and must agree 
within 3 per cent. The hardness values 
of other forgings or stampings in the same 
lot must agree with the average of the 
values so obtained within 3 per cent. 

(5) Forgings or Stampings from which 
a Tensile Test Specimen Can Not Be Pro 
cured: A hardness test shall be made on 
the forged bar representing the forgings 
or Staumpings. The hardness values of the 
forgings or stampings in the lot must 
agree with that obtained on the bar with 
in 3 per cent. 

SELECTION OF Test SPECIMENS. 6. 
Forgings or Stampings Weighing 6 Pounds 
(8.7 kg.) or Over.—(a) If desired, each 
piece may be required to have a prologa 
tion for the tensile test. 
the forgings or stampings in each lot shall 


tests 


Two per cent of 
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be subjected to the tensile test, unless a 
tensile test is specified for each forging 
or stamping. 

Forgings or Stampings Weighing Less 
than 6 Pounds (3.7 kg.) and of Suitable 
Section for Securing a Tensile Test Speci- 
men.—(b) Two per cent of the forgings 
or stampings shall be taken for the tensile 


test. 

(c) Forgings or stampings from which 
no tensile test specimen can be secured 
shall be repre sented by a bar forged from 
the same material and to the ruling se 
tion of the forgings or stampings in the 
lot. The bar must be heat treated with 
the lot which it represents 

(d) At least one tensile test shall be 
made for each lot of 50 forgings or stamp- 
ings. 

(e) A hardness test may be required on 
each forging or stamping offered. At 


least 25 per cent of the pieces in each lot 
shall be tested for hardness 


(f) All the forgings or stampings in a 
lot shall be heat treated at the same time, 
and if possible shall be from the same 
heat of steel. 

DIMENSIONS AND 'TOLERANCES.—7. The 
forgings and stampings shall conform to 
the dimensions on the drawings within 
the tolerances specified. Surfaces which 
are to be machined shall admit of finish 


ing to the required dimensions without 
leaving trace of the original surface 

PACKING, SHIPPING, AND DELIVER) S. 
Small forgings or stampings shall be 
boxed for shipment; the gross weight of 
individual boxes must not exceed 
pounds (100 kg.). Each kind and lot of 
forgings or stampings shall be kept sep 
arate as inspected. 


Specifications for Heat-Treated Alloy 

Steel Forgings and Stampings 

(120,000 Pounds per Square Inch 
Tensile Strength.) 

GENERAL.—1. The general specifications, 
1G1, shall form, according to their ap- 
plicability, a part of these specifications. 

MATERIAL.—2. The steel from which 
these forgings stampings are made 
shall conform to I. A. 8S. B. specification 
3S4. 

MANUFACTURE. 3. Heat Treatment. 
(a) Forgings or stampings should be an 
nealed before heat treatment. 

(6b) Forgings or stampings which fail 
to meet the physical tests may, at the op 
tion of the purchaser, be reheat treated. 

WoORKMANSHIP AND FINISH. $. (a) 
The forgings and stampings must be uni 
form in quality, free from pipes, laps, 
cracks, twists, and seams, and must have 
a workmanlike finish. 

(b) A forging or stamping may be re 
jected at any time because of injurious de 
fects or faults which are revealed by man 
ufacturing operations, notwithstanding 
that it has previously passed inspection. 
Such rejected forgings or stampings shall 
be returned to the manufacturer at his 
expense. This clause shall not apply to 
materials fabricated after export. 
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or 


PHYSICAL PROPERTIES AND Tests.—) 
(a) The heat-treated forgings or stamp 
ings shall have the following physical 
properties : 

Tensile Test.—(b) 

Kilograms 
Pounds pe 
per square 
square mill 
incl mete 
Minimum tensile strength 120,000 84 
Minimum yield point 95,000 66.8 


Minimum elongation in 2 inches 
or proportional gauge length 
Minimum reduction of area... 


Impact Test.—(c) When impact-testing 
machines of the pendulum type are avail 
able, tests shall be carried out if required 
to determine the specific impact work of 
rupture in foot-pounds (or. kilogram- 


18 per cent 
50 per cent 
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meters). Results markedly lower than 
the average for this type of material will 
be sufficient cause for further investiga. 
tion (or reheat treatment) of the mate 
rial. 

Brinell Hardness Test.—(d) The Bri- 
nell hardness test shall be made after the 
tensile test has been met. The procedure 
shall be as follows: 

(1) Forgings with a Prolongation for 
Tensile Test Specimens: A hardness test 
shall be made on the prolong and on the 
opposite end of the forging. The hardnesg 
values obtained must agree within 3 per 
cent. Hardness values of other forgings 
in the same lot must agree with the aver. 
age of the two test values within 3 per 
cent. 

(2) Forgings or without 
Prolongation: Hardness shall be 
made on the forgings or stampings select- 
ed for the tensile test and must agree 
within 3 per cent. The hardness values of 
other forgings or stampings in the same 
lot must agree with the average of the 
values so obtained within 3 per cent. 

(3) Forgings or Stampings from which 
a Tensile Test Specimen Can Not Be Pro 
cured: A hardness test shall be made on 
the forged bar representing the forgings 
or stampings. The hardness values of the 
forgings or stampings in the lot must 
agree with that obtained on the bar with- 
in 3 per cent. 

SELECTION OF ‘TeESt SPECIMENS. —6. 
Forgings or Stampings Weighing 6 Pounds 
(3.7 ka.) or Over.—(a) 1f desired, each 
piece may be required to have a prolonga- 
tion for the tensile test. Two per cent of 
the forgings or stampings in each lot shall 
be subjected to the tensile test, unless 4 
tensile test is specified for each forging 
or stamping. 

Forgings or Stampings Weighing Les 
than 6 Pounds (3.7 kg.) and of Suitable 
Section for Securing a Tensile Test Spec 
men.—(b) Two per cent of the forgings 
or stampings shall be taken for the tensile 
test. 

(c) Forgings or stampings from which 
no tensile test specimen can be secured, 
shall be represented by a bar forged from 
the same material and to the ruling sec 
tion of the forgings or stampings in the 
lot. The bar must be heat treated with 
the lot which it represents. 

(d) At least one tensile test shall b 
made for each lot of 50 forgings or stamp 
ings. 

(e) A hardness test may be required 
on each forging or stamping offered. At 
least 25 per cent of the pieces in each lot 
shall be tested for hardness. 

(f) All the forgings or stampings in 4 
lot shall be heat treated at the same time, 
and if possible shall be from the same 
heat of steel. 

DIMENSIONS AND 'TOLERANCES.—7. The 
forgings and stampings shall conform t0 
the dimensions on the drawings withil 
the tolerances specified. Surfaces whid 
are to be machined shall admit of finish 
ing to the required dimensions withott 
leaving trace of the original surface. 

PACKING, SHIPPING, AND De ivery.— 
Small forgings or stampings shall & 
boxed for shipment; the gross weight of 
individual boxes must not exceed 2 
pounds (100 kg.). Each kind and lot af 
forgings or stampings shall be kept se 
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arate as inspected. 





Sheet Metal Workers’ Tools and Machines 


Descriptions and illustrations of tinsmith? 
ind sheet metal workers’ tools and machin@ 
as they apply to the needs of the manufat 
turers of light metal parts of airplanes, a 
given in Catalog 16-A of the Peck, Stow # 
Wilcox Co., Southington, Conn. 

It contains 270 pages, is attractively vount 
and indexed, and has more than 300 illust® 
tions and much valuable data. 
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Digest of the Foreign Aeronautical Press 


Flying (London), December 12, 1917 


Traffic in the Clouds. By Claude D. Farmer.—<As a pas- 
senger vehicle the airplane, and for that matter, the airship is 
a perfectly defensible proposition. No doubt can exist in 
any but the more sceptical minds that where speed is a sine 
qua non the air forms the solution of all the fretful delays and 
eongestions of land travel and of the loss of time inherent to 
sea voyages. The development of a routine service of air- 
planes, even though the fares charged would be in excess of 
the first-class train fare of normal times, must lead to a remun- 
erative source of traffic for the reason that there are many 
to whom the twenty-four hours of the day are all too short. 

We need not, however, labor the point of passenger traffic 
by air. The proposition which we have set out to study is 
not that of human but of material cargoes. Here the future 
is neither so promising nor so easy to forecast. 

The whole matter, in fact, turns upon the question of 
whether commerce involves any class of goods traffic which 
can be conveyed, let us say, more efficiently by the new system 
of transport than by the existing railway and steamship 
systems. The limiting condition is the fact that only certain 
elasses of merchandise by reason of their bulk or weight, the 
latter factor being the determining one, lend themselves to 
conveyance by air. Of lighter than air machines, the L33 
type of Zeppelin should allow useful loads—i. e. cargoes— 
up to five tons being borne. ‘The maximum average speed 
attained by the Zeppelins is about 60 miles per hour. This 
is fast travel compared with what the goods train maintains 
as its average speed, and with the speed of the merchant ship. 
But at what cost is the consignee of the goods to pay for this 
speed? An initial capital investment of fully a quarter of a 
million sterling must be made good from the freight charges. 
Then there are the running expenses due to the fuel and oil 
consumption. ‘To transport the five tons of goods over 1,000 
miles in 161% hours no less than 1,300 gallons of gasoline will 
be consumed. Now what, on the other hand, have the railway 
companies to offer? If speed be no object, there is the goods 
train, but since aerial locomotion makes its appeal on the 
grounds of speed, we must turn to the ease of the passenger 
train in which five tons of parcels could be carried at almost 
the same speed and certainly far more cheaply than by the 
Zeppelin. The freight cost is much lower than the minimum 
rate at which the airship could compete upon a profit making 
basis, even supposing the efficiency of the gasoline engine to 
be enormously increased in the future. Marine transport is 
heavily at a disadvantage as regards speed, but against this 
there is the fact that it implies a cost per ton mile even lower 
than that for railway goods traffic. 

The case for the large airplane is more hopeful, though 
scarcely promising enough to make one sanguine as to its 
utility in the immediate future. The best load carrying per- 
formance to date is probably about 2% tons. A speed of 
80 miles per hour may be assumed feasible with an engine 
power of 600 h.p. The capital cost of two such airplanes 
equivalent in carrying power to one Zeppelin would be 
but a fraction of the cost of one large airship. A saving 
would also be effected in aerodrome accommodation, not to 
mention the gain in utility for the conveyance of small 
packages presented by two airplanes as individual units con- 
trasted with the single Zeppelin. 

But even though the airplane is better than the airship on 
the score of cheapness of production per unit volume of 
traffic the freight charge per ton mile must still be higher than 
the prevailing parcels rate on the railways. The gain in 
speed, especially when one considers the time spent in collect- 
ing and distributing geods in large towns is not marked; 
certainly it is not decisive enough to compensate for the 
additional cost of transit, nor to justify traders in abandoning 
the established institution of the railways. Nor is the perma- 
nent way of the air likely to compete for many a long year 
with the mereantile marine, unless it be that international 
finance become so accelerated and intensified after the war 
as to demand the transference of specie from country to 
country in the minimum of time. 

This last is, however, a special type of traffic. It is, in 
fact, in the administrative work of modern business rather 
than in the normal demands of material transport that one 
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is tempted to forecast a lucrative field for the use of aircraft. 

In commerce as in national government, there arise many 
classes of communication, the rapid transference of which 
from one office or one country to another implies extended 
business. Among men separated by hundreds of miles there 
are often multifarious papers to be signed and reports to 
be read with the least possible delay, and letters which it is 
not convenient to transmit by telegraph even when coded. It 
is for such urgent correspondence as this, smaller in volume 
than the usual post-bag for which railway transit is the 
cheaper system, that an aerial mail service might well be 
instituted. As a State enterprise the scheme could be organ- 
ized to give such a service as frequent, and decidedly faster, than 
that afforded by the existing mail trains. Large firms might, 
indeed, under conditions where their business covered many 
parts of the country, combine a private mail service of their 
own with means for rapidly conveying members of their staff 
from one place of business to another. An aerial post between 
England and the Continent, and eventually between London 
and New York, would be an enterprise of incalculable value, 
as is evident when one realizes that the five days’ voyage across 
the Atlantic could by air be made in two days or less. Such 
a performance as the latter is already under consideration as 
a practical possibility. 


Flight (London), Dec. 6, 1917 


The Danger of Over-Standardization (Editorial).—We are 
glad to hear that the Air Board has addressed a communica- 
tion to the Aireraft Production Board of the United States 
on the subject of the danger arising out of over-standardization 
of aircraft, a subject to which attention has frequently been 
directed in these pages. As to the usefulness of standardiza- 
tion within limits there can be no two opinions, but it is quite 
possible for the keenness for output to work to our great dis- 
advantage. In considering the problems attending the con- 
struction of aircraft, we have to keep it well before us that 
the design of today is likely to be rendered hopelessly obso- 
lete by that of tomorrow, and it is thus folly of the worst 
description to put all our eggs into the one basket. We are 
not implying that that is the policy which is being pursued 
in America, but we do think there is a danger that our Allies’ 
enthusiasm for manufacturing efficiency and huge outputs 
might tend to lead them a little astray. Evidently this view 
is shared to some extent by our own authorities, and hence the 
warning which is said to have been given. No undue im- 
portance need be attached to the fact that the Air Board 
has thought it necessary to give America what may really be 
called a friendly tip. There is certainly no divergence of 
opinion hetween us and our Allies regarding the future of 
war in the air. All that has happened is that a little advice, 
born of our greater experience of war, has been tendered by 
the one and accepted by the other in the spirit of absolute 
friendship. 





The Aeroplane (London), Dee. 5, 1917 


The Civil Aerial Transport Committee—On Dee. 3, in 
reply to Mr. Pemberton Billing who asked to be informed 
about the progress made by the Civil Aerial Transport Com- 
mittee, Mr. Bonar Law, Prime Minister of Great Britain stated 
in the House of Commons the following: 

“During the last six months Lord Northcliffe, who was 
originally chairman, Major-General Brancker, Lord Montagu 
of Beaulieu, Mr. Claude Johnson, and Mr. Tyson Wilson have 
left the Committee in consequence of other duties, while Sir 
G. Perley, Major-General MeCay, and Sir Mackenzie Chalmers 
have been added to the main Committee to represent the 
Dominion of Canada, the Commonwealth of Australia, and 
the Home Office respectively. Sir E. Morris, the Prime Min- 
ister of Newfoundland, is also joining the Committee. In addi- 
tion, a number of gentlemen with special knowledge of the 
particular subjects of inquiry have been co-opted on the 
various sub-committees. 

“Tt is proposed to continue the Committee in existence till 
it has presented its report.” 





News of the Fortnight 


Department of Munitions Is Proposed 


On Jan. 4 Senator George O. Chamberlain, of Oregon, 
introduced in the Senate a bill (S. 3311) to create a Depart- 
ment of Munitions, and on Jan. 7, Congressman William T. 
Borland of Missouri introduced a duplicate bill in the House 
of Representatives. 

Diseussing the intentions of the measure, Senator George 
O. Chamberlain of Oregon, Chairman of the Committee on 
Military Affairs, said, “ The bill is intended to increase and 
expedite the supply of munitions of war. One great trouble 
with the war establishment as disclosed by the pending in 
vestigation has been a lack of co-ordination and the seeming 
impossibility of getting rid of cireuitous methods of. doing 
business. Until there can be co-ordination and methods more 
direct the United States will be groping in the dark for many 
months before we can place ourselves in proper fighting trim. 

“ This measure places all jurisdiction over munitions of war, 
which is defined at length in the bill and covering everything 
in one person, known as the Secretary of Munitions, subject 
to the direction, of course, of the President. 

“ Tt co-ordinates all of the bureaus, cuts red tape, does away 
with useless decisions which had tended only to hamper direet 
action, and gets to the heart of the whole situation. I believe 
if Congress can see its way to the enactment of this measure, 
and the proper man is placed at the head of the department of 
munitions, America will soon be occupying its proper place at 
the battle front. It will be noted that the measure is only in 
force during the continuance of the war, which brings it into 
existence.” 

Senator Chamberlain in reply to the questions of a repre- 
sentative of AVIATION AND AERONAUTICAL ENGINEERING 
stated in effect that his bill is designed to cover both the 
purchase and supply of airplanes and materials, the Liberty 
engine and whatever goes into their manufacture. As the 
Senator emphatically put it, “ It covers everything.” 

The opinion in some quarters is that should this bill become 
a law, the powers of the Aircraft Board will be greatly eur- 
tailed, and that perhaps the Board will be entirely abolished. 
It is understood that this bill will be strongly pushed in the 
Senate for early passage. 


Asks $50,000,000 for Aeronautic Bases 


The expenditure of $50,000,000 for the construction of 
aeronautic bases in the United States and its territorial pos- 
sessions is proposed in a report sent to Congress by Secretary 
of War Baker. The report contains an outline which the 
Secretary has in mind, and suggests that further information 
would be given to Congress in closed hearings of committees 
which handle the proposed appropriations. 

The report does not disclose where it is proposed to locate 
the new bases. Here is the allotment suggested by Secretary 
Baker in disposing of the $50,000,000: 

$24,000,000 for sixteen aeronautic 
States. 

$3,500,000 for twenty balloon stations in the United States. 

$4,420,000 for aviation bases in Hawaii. 

$5,420,000 for aviation bases in Panama. 

$12,000,000 for equipment of these various bases. 

Secretary Baker said no decision has been reached as to the 
locations. 


stations in the United 


S. A. 


A special meeting of the Society of Automotive Engineers 
for the consideration of subjects relating to motor boat mat 
ters will be held in New York on Friday evening, Jan. 25, 
during the week of the Annual Motor Boat Show, scheduled 
for Jan. 19-26. There will be afternoon and evening sessions, 
with a dinner sandwiched in between. The first will 
be opened on Friday afternoon, Jan. 25. This meeting will 
be held at the 8. A. E. headquarters, 29 West 39th Street. The 
dinner, and the evening session will be held at the Automobile 
Club of America, 247 West 54th Street. 


Two Officers Made Military Aviators 


Lieut-Cols. Virginus E. Clark and William L. Patterson 
have been recently rated as military aviators in the Aviation 
Section, Signal Corps of the United States Army. 


E. to Discuss Motor Boats 


session 


Report of Council of National Defense 

The annual report of the Council of National Defense covers 
its activities from its inception to the close of the fiscal year 
ending June 30, 1917. The permanent organization of the 
Council was not effected until March 3, of last year. 

The complete report has not as yet been issued from the 
Government printing office, but in the summary prepared for 
the press, the policy of the Aireraft Production Board whieh 
has been superseded by the Aireraft Board, is of special in 
terest to manufacturers of airplanes and aeronautical engines, 
The summary follows: 

AIRCRAFT PRODUCTION BOARD 

“ The work of the Aireraft Board resolved itself into two 
main divisions, equipment for training purposes in this coun 
try and equipment for combat work in France. It was found 
that a very satisfactory training plane and motor had been 
developed by an American company, which had been tested 
and found satisfactory both by England and Canada. 

“It was in the development of the program of combat, re- 
connaissance and bombing planes that the major difficulties 
were encountered. In all these forms of machine, the lack of 
previous American experience made it seem necessary to de 
pend to a large extent on designs developed in the Allied coun- 
tries or adaptations from these designs. In the production 
of engines there appeared to be an insuperable obstacle to pro- 
duce foreign engines and translating them in the methods of 
American shop practice. 

“Tt was this consideration that led to development of the 
composite international design known as the ‘ Liberty Engine, 
constructed and with its parts standardized that it 
lends itself easily to quantity production with American shop 
methods. 

“ Among other features of the board’s work, covered in the 
report, are the progressive development of the manufacturing 
resources of the country capable of being adapted to the mann- 
facture of airplanes and the steps taken to convert them to 
that work, the general policy adopted of relying mainly on 
relatively few highly organized and manifestly capable estab 
lishments rather than scattering orders for planes and separate 
parts among a large number of small shops; this decision being 
accompanied by a careful inventory of the facilities for manw 
facture, particularly automobile plants: the steps taken to re 
lieve the shortage in satins and linen, and the recommendations 
made as to forms of contract, the elimination of foreign roy- 
alties and other general assistance in developing business and 
industrial policy.” 


so sO 


Airplane Mail Service 

The act making appropriations for the service of the Post 
Office Department for the fiseal year ending June 30, 1919, and 
for other purposes (H. R. 7237), was passed by the House of 
Representatives on Dee. 14. It is now under consideration by 
the Committee on Post Offices and Post Roads of the Senate 

An item under the appropriation for the office of the second 
assistant postmaster general provides $1,185,000 for inland 
transportation by steamboat or other power-boat routes or by 
airplanes. The section reads: 

“Out of this appropriation the Postmaster General # 
authorized to expend not exceeding $100,000 for the purchase 
operation, and maintenance of airplanes for an experimen 
airplane mail service between such points as he may dete 
mine. 


Government Is Using Motor Plant 


\ portion of the machinery and plant of the General Vehicle 
Co. of Long Island City, N. Y., which is being utilized to tum 
out the Gnome-monosoupape airplane engine, was recenti] 
taken over by the Government. The company makes the f 
lowing announcement: 

“With respect to certain rumors regarding the General 
Vehicle Co., Inc., it may be authoritatively stated that while 
a considerable portion of the Long Island City plant will 
devoted to other work than manufacture of electric trucks, the 
General Vehicle Co., as well as its manufacture of electt® 
trucks will continue utilizing such portions of the Long slam 
City plant as may be necessary for the purpose of continuili§ 
its business of nearly seventeen years.” 
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WHEN THE GLORIOVS DAWN OF VICTORY COMES AND THE TRVE 
STORY OFTHE WAR CAN BE TOLD, IT WILL BE FOVND THAT CVRTISS 
AEROPLANES AND CVRIISS MEN HAVE “DONE THEIR BIT: 


CVRTISS AEROPLANE AND MOTOR CORPORATION, BVFFALO, V.S.A. 
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ENUS 
PENCILS 


OR sketching, 


typographic maps, 
drafting, and all tech- 
nical uses, military 
naval and civil, there is 
one pencil which is 
famous as being the 
standard by which ail 
pencils are judged. 
This is the VENUS. 


VENUS Pencils are perfect 
for every purpose. They are 
\\\ wonderfully smooth, strong 
and durable. More VENUS’ 
are sold than any other draw- 
ing pencil. Quality counts! 
Specify VENUS and look for 
the distinctive VEN US finish. 


17 black degrees from 6B 
softest to gH hardest and 
hard and mediumcopying 
Price roc each 

$7.00 per dozen 


VENUS °c 
ED Cleans d 
V eanly an 

ERASER 272 


Will not soil or streak. 2 SIZES, 


| FROM 100 TO BOX.T0 4 TO BOX. Box PRicE $2.00 


rREse 


This trial box with five VENUS 
Drawing Pencils, and VENUS 
Eraser sent FREE. Please enclose 
6 cents for packing and postage. 


Write for it. 


American Lead Pencil Co. 
241 Fifth Avenue, New York 


and Clapton, London, England 






























DUA FORGINGS HAVE BEEN TESTED IN BATTLE 
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E have the 
most complete 
equipment in 
America for the manu- 
facture of parts for 
J N 4 types of air- 
planes. 


- } tts 
Fate wpe 














For three: years we have 
made parts for the larg- 
est airplane builders on 
the Western Continent. 


FORGING 
MACHINING 
POLISHING 

NICKLING 


Send us your blue prints 
































‘BARCALO MANUFACTURING CO. 
BUFFALO, N.Y, 
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“Usco” 
NUMBER 72 


THE STANDARD 
KiTE BALLoon Fapgric 


oF AMERICA 





A TWO-PLY BIASED FABRIC, 
COATED BETWEEN PLIES 
WITH A LIGHT, TOUGH 
LAYER OF PURE PARA RUB- 
BER. 


THIS FABRIC HAS BEEN DE- 
VELOPED FROM YEARS OF 
LABORATORY EXPERIENCE, 
AND POSSESSES EVERY FEA- 
TURE AND QUALIFICATION 
NECESSARY TO A WELL-BAL- 
ANCED PRODUCT, VIZ.: 


STRONG 
Gas-TIGHT 
NEUTRAL, INviISIBLE CoLor 
Witustanps ALL WEaTHER 


ConbDITIONS 
AND Aces WELL 





MADE BY THE 
WORLD’S LARGEST RUBBER COMPANY 


UNITED STATES RUBBER COMPANY 
NEW YORK 
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Special Aeroplane Strut 
Lathe 
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Cuts smoother 
and works 
closer to 
finish size 


Built heavy 
and rigid to 
eliminate 
vibration 





TTISON® 
Mame & 


NO. 216 


Vattison No. 216 Heavy Type Copying Lathe 
This machine is in successful operation in some of the 
largest aeroplane factories in the country, on Interplane and 
Landing Gear Struts. 
It is designed especially to meet the exacting needs of strut 
work, and is a great improvement over the ordinary Copying 
Lathe, both as to quality and quantity of output. 


Write us today. Get posted on the possibilities of this new 
machine, 


C. MATTISON MACHINE WORKS 
863 Fifth Street Beloit, Wisconsin, U.S.A. 
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(CHRISTENSEN GELF GTARTER 


A PROVEN SUCCESS IN 
AVIATION SERVICE 























Starts the motor instantly regardless 
of weather conditions 


Eliminates dangerous hand-cranking 
and other starting troubles 


The Christensen Engineering Co. 
861 First National Bank Milwaukee, Wis. 
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Model T. T., 90 h. p. Training Tractor 





WITTEMANN-LEWIS AIRCRAFT COMPANY 














Lincoln Highway Newark, N. J. 
Near Passaic River Telephone Market 9096 











WALDEN-HINNERS COMPANY 


BUILDERS OF AIRCRAFT 


MILITARY AIRPLANES 
SEAPLANES 
FLYING BOATS 


OFFICE AND FACTORY 
EDGEWATER, N. J. 
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Tuomas-Vlorse Aircrarr Corporation 


ITHACA . N i VU. S.A. 


Contractors to U. S. Government 























Aeroplane Company 


Jamaica Plain Boston 























The 
Lanzius 
Variable 
Speed 


Aeroplane 


Executive Offices 608-609-610 Singer 
Building, 149 Broadway, New York City. 
Telephones 6710-6711 Cortlandt. 


Lanzius Aircraft Company 
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AIR PLANE DRY KILNS 


We are prepared to design, equip, install and operate according to Aircraft 
Engineering Division Specification No. 20,500. 


1. Grand Rapids Vapor Process Kilns (as perfected thru the erection of 
2,000 kilns in high class woodworking plants). 


Il. Tiemann Humidity Regulated Kilns (as designed and developed by the 
Forest Products Laboratory at Madison, Wisconsin). 


Ill. Tiemann-Grand Rapids Combination Kilns (combining the scientific 
points of the Tiemann kiln with the practical experience of the 
Grand Rapids Veneer Works, subject to operation by either 





method). 
? : ‘ : : Our kiln instruments are in use by 
We have designed or equipped kilns for (in addition to list opposite) 
STANDARD AERO CORPORATION, THE BURGESS COMPANY, 
THOMAS-MORSE AIRCRAFT CORPORATION, WRIGHT-MARTIN COMPANY, 
DAYTON-WRIGHT AIRPLANE COMPANY, GLENN L. MARTIN COMPANY, 
FISHER BODY CORPORATION, CALIFORNIA AVIATION COMPANY. 


AMERICAN PROPELLER & MFG. COMPANY, 
BREESE AIRCRAFT COMPANY, 
CANADIAN AIRPLANES, LTD. 


Submit your drying problem to experts who make a specialty of kiln design 
and are prepared to furnish and install all equipment and instruments 


GRAND RAPIDS VENEER WORKS 


Grand Rapids, Michigan Seattle, Washington 




















BS 


THE ROGERS CONSTRUCTION COMPANY’S STAMP 
UPON ANY AIRCRAFT PART IS A POSITIVE GUAR- 
ANTEE OF THE BEST OBTAINABLE MATERIAL AND 
OF WORKMANSHIP THOROUGHLY WORTHY IN ITS 
EVERY DETAIL. 


ROGERS CONSTRUCTION COMPANY 
AIRCRAFT PARTS 


GLOUCESTER CITY, NEW JERSEY 
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a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the 1|8 different 
models we are now making 
for 14 aviation motor companies .. . 


reduces vibration and eliminates bearing pressure 
We have shipped 59,718 Counterbalanced Crankshafts to January 7, 1918 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 























STEEL SPINDLE 
RIGHT & LEFT THREAD 











THE JORGENSEN PATENT 


ADJUSTABLE HAND SCREW 


is the first real improvement in years over the old style Wood 
Hand Screw. 


JAWS CAN BE ADJUSTED TO ANY ANGLE. This is a decided advan- 
tage, as it saves the time usually spent in squaring up irregular sur- 
faces. A single clamp will adjust to any of the positions shown, or 
any modification of them. One jaw can also be made to overlap 
the other. 





SEND FOR SPECIAL CIRCULAR NO. 110 


HAMMACHER, SCHLEMMER & CO. 


HARDWARE, TOOLS AND SUPPLIES 
New York, Since 1848 Fourth Avenue & 13th Street 
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The Taft-Peirce plant is one of the oldest and the most ex- development of aeronautical engines, light machinery parts and 
tensive “contract-shops” in the United States. It has been special tools. 
identified with the evolution and initial production of many The advantage of such experience is at the command of con- 
mechanical developments, each marking a new era in the sphere cerns whose present production might be materially improved 
of human progress—such as the sewing machine, the typesetting or increased by proper co-ordination. 
machine, the typewriter, the adding machine, the motorcycle and 
the automobile. 
Today it is the largest and best equipped organization of its . 
class in this country for work of the character necessary in the : ? 
- Woonsocket, RI.USA. 
c ae 
20038 
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AIR SERVICE JOURNAL 


A Weekly News Magazine Devoted to the 
Interests of the Army and Navy Air Services 


Prints all the news of the air services; personal activities of interest to the serv- 
ices ; foreign events in the air; developments in the aircraft industry and notes ot 
the flying fields. 


Special articles on military and naval aeronautics of interest to officers and 
enlisted men appear in every issue. 

The latest and best photographs illustrating aerial happenings all over the world 
are featured. 

The progress and achievements of the air services recorded in brief and attractive 
form. 


Published every Thursday by 


AIR SERVICE JOURNAL 
120 West 32d Street NEW YORK, N.Y. 


SUBSCRIPTION PRICE 
$3.00 a Year; Foreign $4.00 Single Copies 10 Cents 
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EDWIN B-:STIMPSON COMPANY 


SHEET METAL 


BROOKLYN, NEW-YORK 





BRASS 


BRASS & COPPER. 














DROP FORGINGS 
| 


THE WHITMAN & BARNES MANUFACTURING CO. 


ESTABLISHED 63 YEARS 
1000 WEST 120th STREET, CHICAGO, ILL. 




















. What Do You Need mm Cc A. Herrmann 
Aircraft Construction ? 


+ 


Rubber grip handles for stick controls? Rub- DESIGN AND CONSTRUCTION 


ber grommets? Innertubes? Radiator hose? 


We are manufacturing them in large quantities Covering All Branches of Aviation 
and can give you quick deliveries. 


Would you like to test our 


Rubber Streamlining for Wires : Bath, N. : 4 


Rubber Fusilage Wire Protectors 
Rubber Shock Absorbers 

Rubber Vibration Reducing Discs 
Friction Facing for Controls 
Sheets—Bands—T ubing 


or any other article that is made of rubber—or 
could be? 


We place our entire staff of experts at your dis- 
posal to work out any idea you have, or consider 
any suggestions whereby you could introduce 
rubber parts into your aircraft with better 
results. 

Write us! Nothing is too large 

or small for our _ consideration 














QURAL RUBBER CORPORATION a, 9 = el F 


Flemington New Jersey 




















AVIATION January 15, 191g 











FOXBORO 


TRACE MARK 


QUALITY INSTRUMENTS FOR AIRPLANES 


Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 


Gasoline Level Indicator for circulating oil and water 
OIL PRESSURE GAUGE AIR PRESSURE GAUGE 


The Foxboro line also includes many different types of indicating and recording 
gauges and thermometers designed for all sorts of conditions and purposes. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A. 


New YorkK CHICAGO PITTSBURGH PHILADELPHIA St. Louis 
SAN FRANCISCO BIRMINGHAM, ALABAMA Peacock Bros., MONTREAL 














ORDNANCE ENGINEERING CORPORATION 


NEW YORK OFFICE LONDON OFFICE 
120 Broadway, Equitable Building 19 Queen Anne Chambers, Westminster, S. W. 
Government Contractors 3 Consulting Engineers 


Manufacturers of Illuminating Shells, Trench Howitzers, Hand Grenades, etc., etc. 
Naval and Military Appliances and Parts designed, developed and perfected 


Designers and Builders of Military and Naval 
AIRCRAFT 

















IORI 0 


Dashboard 
Altimeters 





Recording 
Barographs 
Pocket and Watch 


Aneroid Parometers 


Prices and Leliveries on Request 


A. HAUSTETTER 


38 Nediscn Avenue, New(|fYork. City 
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Aviation Photographic Equipment 
The Brock Automatic Camera, Type IV 
The Brock Automatic Camera, Type V 
Enlarging Machines, Scale Map Printing 
Machines, Special Map Drawing 
Instruments 
Field Dark-Room (Collapsible) 


The only Cameras that permit good 
enlargements from negatives made at 
speeds of over 100 miles per hour. 


‘ARTHUR BROCK, JR. 


OFFICE—511 Butiitr BuILpING, 131 So. 
FourRTH STREET 


Factory—533 No. ELEVENTH STREET 
PHILADELPHIA, PA. 


Scientific Instruments, Tools, Dies, Jigs and 
Fixtures 


Factory occupies 23,000 square feet of floor space 
Screw Machine Capacity up to 2% inches. 





Depe dable Bal [ Bearings 
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THE FAFNIR BEARING CO. 


CONRAD PATENT LICENSEE 


NEW BRITAIN, CONN. 











AIRPLANE 
RIMS and WHEELS 





Rims furnished punched for 
spokes and valve, ready to be built 
into wheels. 


Wheels supplied less tires,— 
complete with all parts. Made to 
our own design or from manufac- 
turer’s Blue Prints. 


Manufactured by the oldest and 
best known steel rim and wire 
wheel makers in America. 


Careful experienced workmen 
and best grade of materials. 


Quotations gladly submitted. 


The MOTT WHEEL WORKS 
Utica, N. Y. 


Elastic Aviation Cord 
For Shock Absorbers on Airplanes 





We originated and have developed 
this special heavy elastic cord for air- 
plane shock absorbers. 

We are the largest manufacturers 
in the world of Heavy Elastic Cord 
and owing to our factory capacity we 
can make prompt deliveries. 


Samples on request 


J. W. WOOD ELASTIC WEB CO. 


FACTORY: STOUGHTON, MASS, 
OFFICES 
45 East 17TH STREET. ae New YORE 


181 W. LAKE STmmer ........ . « Cmrcago 
32 St. PETER STREET . —— . MONTREAL, CANADA 


















































WESTMOORE 
SPLITLESS 
PROPELLER 





ae . Patent Pending) 
-— 


Built for high power motors 
Water proof and heat proof 


QUANTITY PRODUCTION 


WRITE FOR INFORMATION 
Address Aircraft Department 


WEST WOODWORKING COMPANY 
308-324 N. Ada Street Chicago 


Cable address “*SWESCO” 


Cabinet makers with over thirty years’ successful 
business behind them 








a ZY 
TURNBUCKLES 


of the 


Highest Quality 


to Meet the Most 


Exact Requirements 


Standard Screw Co. of Penna. 


CORRY, PA. 


New York Office: Woolworth Building 
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op Gl) POND vy These Count in Aeroplane Construction 
NON-INFLAMMABLE 
WHERE LARGE PRODUCTION Cellal ne 
CONVERGES WITH THE MOST ae ee ee | 
RIGID STANDARDS OF j 
QUALITY AND EFFICIENCY p BS roll ( alhis pS ' 
provide another SAFETY FACTOR 
q Du Pont facilities and capacity can be de- 
pended upon to keep pace with the increased 
demands of the airplane industry. NON-INFLAMMABLE 
LJ 
@ Du Pont technical skill and experience will lp TO \ pais NY FI S 
insure strict maintenance of the quality that has px [ 
made DU PONT DOPE the standard for airplane 
outtina. Transparent — Waterproof ( 
MANUFACTURED BY . 
Du Pont Chemical Works Chemical Products Company 
E. I. du Pont de Nemours & Co., Owner 
120 Broad New York 93 Broad Street Boston, U. S. A. 
meetin — Manufacturers of Cellulece Acetate for nearly 15 years | 
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ROME “El 99 A 
AERONAUTICAL pon : 
Developed from years of experience in The. cal The caly 
building all types of radiators. cone thet ae 
They possess every feature and qualifi- will stand can be so 
cation necessary for a high grade severe bent 
product. landing without 
shocks. injury to 
the metal 
STRONG No sharp or soldered 
EFFICIENT corners joints. 
DURABLE to crys 
tallize 
Used on the best American flying machines. through 
Our engineering department is at your vibration. 
service. 
“FLEXO”—PATENTED 
Rome - Turney Radiator Company 
FLEXO MANUFACTURING CO. 
Rome, N. Y., U. S. A. 1312-1320 E. 12th STREET LOS ANGELES, OAL. 
— 
FUEL LEVEL , - ™ Than 








GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 





Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 


equipment of Eng- : 
lish Government 


Warplanes. 














SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS. 


BOSTON AUTO GAGE CO. 


8 WALTHAM STREET, 








BOSTON, MASS. 
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AJAX 
Auto and Aero 
Sheet Metal Co. 


Manufacturers 
and — 


AERO 
RADIATORS 
INTAKE 


EXHAUST PIPES 


H. W. MEYER 
245 W./55th St. 
New; York 


—— 
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No. 2B PLAIN MILLER 


Single Pulley Drive 


12 changes to spindle s No. 9 taper in spindle. 
6 changes to each spi speed Table 84 x 37’ 
Hardened machine steel gears throughout insure 
maximum driving power at all speeds. 
We also build Universal Millers, Dividing Heads, 
Vertical Attachments and Vises. 


Write for Circular 


THE FOX MACHINE COMPANY 


1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapids, Mich. 


IT’S MEETING THE AEROPLANE 
PROPELLER PROBLEM 


Everywhere, throughout the allied nations, the Defiance No, 618 
Aeroplane Propeller Turning Lathe is meeti the Aeroplane 
propeller problem. Installations by the United States Govern. 
ment, England, and leading aeroplane propeller manufactu 
stand to endorse this machine as the most practical oa 
economical method in use today. 


DEFIANCE AEROPLANE PROPELLER 
TURNING LATHE 


is a high productive machine, and will keep pace with present 
day requirements either in output, accuracy, or production cogt, 
Each machine in operation takes the place of eight to ten skilled 
workmen. With one man operating a number of machines the 
wage item is cut to little or no consideration, all of which ig 
added to profits. This machine will turn aeroplane propeller 
blades of any size—to any shape or pitch—and leaves but the 
final finishing to be done by hand. It will duplicate struts, ag 
well as propellers, of irregular shape to exactness, 


An illustrated and descriptive circular o 
this machine will be mailed on request. 


THE DEFIANCE MACHINE WORKS 


DEFIANCE, OHIO, U. S. A. 
NEW YORK CITY LONDON, ENGLAND 











“DALTON SIX” 


In the Manufacture 
° of Aeroplanes or the 
many small parts 
comprising‘ a Unit 


“Dalton Six” 


is indispensable. 


Furnished for 
English or Metric 
Thread Cutting. 

One Manufacturer 
of fine instruments 
for aeroplanes now 
has 


(36) “DALTON SIXES” Installed 


Why Not Investigate? 
BULLETIN B602C GIVES DETAILS 


Dalton Manufacturing Corp. 
Successors to Dalton Mach. Co., Inc. 


1911 Park Avenue New York, U. S. A. 








Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 


Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL CO.,34 Commerce St.,N.Y. 
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Designed and Built to 
meet the exacting 
requirements of 


Airplane Service 
combining 
Light Weight 
Efficiency and 
Durability 


Diagonal and Square 
Honeycomb Types. One 
Quality Only— 

The Best 





Our engineering experience 
and up-to-the-minute man- 
ufacturing facilities are at 
your disposal. 


The G<0O, Mfg. Co. 


New Haven, Conn 



















IN ACTUAL DAILY 
PERFORMANCE 


In every branch of military service—Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty—you will find the 


SFudian Motocycle 


With Powerplus Motor 


Greatest strength, endurance, speed, power, accessibility, 
and all-round dependability. 

We will be pleased to arrange demonstrations of all Indian 
models for interested military officials. 


Illustrated Indian Catalog and other de- 
scri plive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 
(Largest Motorcycle Manufacturers in the World) 
67 STATE STREET SPRINGFIELD, MASSACHUSETT S 
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ULMER'’S 


Waterproof Cement 












Is Used Successfully 
As a Cement and 
Dope for Airplanes 





IT DOES THE WORK 





Only one quality 
“JUST THE BEST” 








THE ULMER LEATHER Co. 
P. O. DRAWER 42 


NORWICH 





CONN. 











ERIE SPECIALTY COMPANY 





MANUFACTURERS 


OF 










Aircraft Metal Parts 









in conformity with the standards 
adopted by the International 
Standardization 


Committee. 













ERIE STANDARD 








Guarantees Perfect Workmanship 


ERIE SPECIALTY COMPANY 


Offices: 2 PINE STREET, New York 


Factory: Erie, Pennsylvania. 
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From an actual 

night  photo- light except the 
graph without glow of Marvel- 
retouching te itself 


Aviation Barometers Equipped With 


MARVELITE 


self-luminous Radium compound of quality 


Are proving so useful and so entirely satisfactory that no 
manufacturer can longer afford to delay investigating the merits 
of this remarkable new material. Correspondence solicited, samples 
furnished and any reasonable demonstration gladly made for makers 
of barometers, compasses, sights, clocks and watches. 


COLD LIGHT MFG. COMPANY 


558 West 158th Street, NEW YORK CITY 


January 15, 1918 





“THE TANDEM BIPLANE” 











INHERENT LONGI- 
TUDINAL STABILITY 








Richardson Aeroplane Corporation, Inc. 


New Orleans, La. 











CAPITAL JIGS 


"GRINDER STAMPINGS vies 


E realize in air or at sea there should be no 

faulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL Co. | 








LANSING, MICHIGAN 





eS 


METAL HOSE 


For every Airplane Requirement 





Write for specifications and prices 





PENNSYLVANIA FLEXIBLE METALLIC 
TUBING COMPANY 
Broad and Race Sts., Philadelphia 


Chicago Detroit Cleveland 


New York Boston 














LEYGRAND &CO. 


120 Broadway, New York 
MILL AGENTS 


ALUMINUM SHEETS 
Screw Stock, Rod and Wire 














VENEERED PANELS 


TD oh @) een 


AIRPLANE and HYDROPLANE 
CONSTRUCTION 


Send for Samples Chemically Treated Which Increases 


WATERPROOFNESS 
NEW JERSEY VENEER CO., Paterson, N. J. 


Tetephone, 3620 Paterson 
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PASCO 


Wire Wheels For 
AIRPLANES 


USED ON THE BEST 


ORDERS NOW BEING TAKEN FOR 
PROMPT DELIVERIES 


WRITE FOR PRICES 


National Wire Wheel Works, Inc. 
a GENEVA, NEw YorK 























The Two 
w Models 
Perfect For Engines 
Starter up to 150 H.P. 
MURS: 8 and 250 H. P. 
approved by 
U. S. and Foreign Send for 
Governments Free Booklet 


This compressed-air starter has ample power and speed for magneto start- 
ing. It is entirely self-contained, couples direct to end of crank shaft, and 
needs no alteration in motor or gear reduction for attachment. 


THE MOTOR-COMPRESSOR COMPANY, Newark, N. J., U.S. A. 








PONTOONS 


and 
FLYING BOAT HULLS 


Built from your designs 
or from ours 


Palmer-Simpson Corp. 
Saranac Lake, N. Y. 








Rubber Aero Cord 


FOR SHOCK ABSORBERS 


Prompt Delivery 


THE RUSSELL MANUFACTURING CO. 


349 Broadway, New York City 
MIDDLETOWN CONNECTICUT 


Factories: 
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Wood Working 
Machinery 


ADAPTED FOR 


Aeroplane Builders 


Distributors of 


The QUIK Line 


MACHINERY MERCHAN TS 


Incorp¢ 
50 Church Street. , York 






















DON’T SGRAP AL UMINUM PARTS 


Save them with 


SO-LUMINUM 


new great “3 in 1” brazing, 
welding and soldering com- 
pound, stronger than aluminum § 
or its alloys. A perfect substi- § 
tute for acetylene welding in 
one-quarter time and cost. Use 
gasoline torch or gas - blower. 
No flux. Booklet on request. 
Sample bar, $1.00. Used by the 
United States Army and Navy, auto 
and aero. companies, and indorsed 
by the British Munitions Board, 


SO-LUMINUM MFG. & ENG. CO., Inc. 














Reem 25, 1790 Broadway = New York Cily 











Mattison Machine Works 


Automatic Machinery 


for making 


Propeller Blades, Struts, Ete. 


Write for full particulars 








8 6 3 rE§Ert&®& STAaES SE FT 


Beloit, Wisconsin, U.S. A. 
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DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 
in the automobile and airplane industries. 


_ BROORLYNCONY. wee acy nar 
TOLEDO.OHIO. NEWARK.N.J. 


Alee Die-Cast Babbitt Bearings, Die-Castings in 
Brase & Bronse Aluminum and White Metal Alleys 


(AY OY LAS YZ 
JNA eL0) ) 9 Nt By (OPES) ERY 


are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12 cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 338. Milwaukee, Wis., U. S. A. 


January 15, 191g 





Aeroplane Cylinder Forgings 


We make a specialty of hollow forging in dies 
under our hydraulic presses, aeroplane cylinder forg- 
ings of high and low carbon O.H. or alloy steels. 


We have furnished cylinder forgings to practically 
all the engine builders in the United States. 


Also Propeller Hubs, Flanges and Shafts, etc 


Miscellaneous’steam hammer and hy- 
draulic press die forgings of all types. 


Quick service our specialty 


TIOGA STEEL & IRON COMPANY 
52nd & Grays Avenue Philadelphia, Pa., U. S. A. 








For Your Flying 
< Boats Use 











All the prominent builders 
of flying boats use this glue in 
combination with linen between 
the veneer of the diagonal 
planking on all their fiying 
boats, pontoons and floats. It 
is not only waterproof and elas- 
tic but will waterproof and pre- 
serve the linen indefinitely. 
Experience has shown that when 
this glue is used, owing to its 
elasticity, the inside layer of 
diagonal planking will remain 
perfectly water tight although 
the outside layer may be badly 
brdken. 


L. W. Ferdinand & Co. 


152 Kneeland Street 
Boston, Mass., U.S. A. 





ATERPROO 


LIQUID GL\ 





























Radium Luminous Compound 


“LUMA” 


for Aircraft Instruments 


This Radium Luminous Compound is far superior to other 
luminous materials for use on service aircraft instruments. 
All kinds of dials, navigating instruments, etc., are treated 
by experts in our own laboratories. Write today. 


RADIUM DIAL COMPANY 


Forbes & Meyran Ave. Pittsburgh, Pa, 
New York Office—Astor Trust Building 




















Classified Advertising 


10 cents a word, minimum charge $2.00, payabie in adwamee. Address replies te advertisements with bex sumbers, care of 
AVIATION AND ABROMAUTICAL ENGINEERING, 120 West 32d Street, New York. 








FOR SALE—What am I offered for a new (not unpacked) 
Berling Magneto, 8 cylinder, Type A-81, list price $140? Send 
certified check. Lee H. Harris, Sperry Gyroscope Co., Amity- 
ville, L. I. 





ENGINEER-EXECUTIVE, at present engaged, is prepared 
to undertake the organization of an airplane plant. Equip- 
ment, production and operation plans available, also staff ex- 
perienced assistants. Address Box 91. 





FOR SALE—Low powered 
Neither amateur nor cheap. 
out. Address Box 95. 


monoplane without motor. 
Highest grade material through- 


AVIATORS WANTED—Experienced aviators wanted at once 
Standard Aero Corporation of New York, Elizabeth, N. J. 





——e 


WANTED—Head draughtsman for aeroplane draughting 
room. Also experienced aeronautical draughtsmen and de 
tailers. Only experienced men with highest recommendations 
need apply. Address Box 66. 





———, 


WANTED—Draughtsmen, detailers and checkers. State age 
experience and full particulars. Gallaudet Aircraft Corpora- 
tion, East Greenwich, R. I. 


Go@umsre re BaeEy = 


9 
= 


Ss 222 OR SR Cor Se ramos ssoo 


SoouUrp > 


DYOR WMO 


me 
—_ =” 


ee ee ee ee ee =e lll le, 








S 








January 15, 1918 








Adve’ 
ACCESSORIES AND INSTRU- 
MENTS 


Vivier, Harnest J. 
vate Meter, The, Co. 
Sperry Gyroscope Co. 
Standard Aeronautical Co. 
Taylor Instrument Companies 


AIRPLANES 
Aeromarine Sales and Engineering 
sein Autemetive Co 

American Automotive " 

Automotive eering Co. 

Bates Aeroplane Co. 

Blackhawk Airplane Co. 

Boeing ra Co. 

Burgess Co., 

California 3 Co. 

Ourtiss Aeroplane and Motor Corp. 

Dayton Wright Airplane Co. 

Des Lauriers Aircraft Corp. 

Dewey Aeroplane Co. 

Fisher Body Corp. 

Flint Aircraft Co. 

Fowler Airplane Corp. 

Gallaudet Aircraft Corp. 

Heinrich, The A. S. Corp. 

Gerrmann, Chas. 

L. W. F. Engineering Oc. 

Lanzius Aircraft Co. 

Lawrence-Lewis Aeroplane Co. 

Lawson Aircraft Co. 

Lewis & Vought Corp. 

Longren Airplane Co. 

Michigan Aircraft Corp. 

Ordnance Eng. Corp. 

Richardson Aeroplane Corp., Inc. 

Smith, Kyle, Aircraft Co. 

Springfield Airplane Co. 

Standard Aero Corp. 

Seeens Aeroplane Co. 

Thomas-Morse Aircraft Corp. 

Walden-Hinners Co. 

Wittemann-Lewis Aircraft Ce. 
Wright-Martin Aircraft Corp. 


AIRPLANE ENGINES 


Aeromarine Plane and Motor Co. 
Automotive Engineering Co. 
Bournonville Motors Corp. 
Curtiss Aeroplane and Motor Corp. 
Duesenberg Motors Oorp. 
General Ordnance Co. 

General Vehicle Co. 

Hall-Seott Motor Car Co. 

Knox Motors Co. 

Miller, Harry A., Mfg. Co. 

Orlo Motor Co. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 

Sterling Engine Co. 

Sturtevant, B. F., Co. 
Thomas-Morse Aircraft Corp. 


Werld’s Motor Co. 
Wright-Martin Aircraft Oorp. 


AIRPLANE PARTS 

Auto-Aero Sheet Metal Co. 
Barealo Mfg. Co. 

Century Telephone Construction 


Co. 
Erie Specialty Co. 
Levett, Walker M. Co. 
New Jersey Yeneer Co. 
Pressed & Welded Steel Prod. Co. 
Rogers Construction Co. 
Standard Parts Co. 


ALUMINUM 

Acieral Co. of America 
Aluminum Castings Co. 
Aluminum Co. of America 
American Metal Co., Ltd. 


Leygrand & Co. 
McAdamite-Aluminum Co. 


AVIATION SCHOOLS 
Gente Coast Acronautical Sta- 


Ourties Training Schools 
Hydroaercraft Co. 

Michigan State Auto School 
Moler Aviation Instructers 
Stinsen School of Aviativa 


BALL BEARINGS 
Fafnir Bearing Co. 
Gurney Ball Bearing 
Gwilliam Oo., The 
Hese-Bright Mfg. Coe 
ew Deperture Mre Ca 
Norma Company of America. 


K. F Ball Bearing Co. 
. &. Ball Bearing Mfg. Co. 


Co. 


AVIATION 


BALLOONS; DIRIGIBLES 
Connecticut Aircraft Co. 

Custer Specialty Co. (Statoscope) 
Gas neg s Co, (Gas Plants) 


Goodyear Tire — Rubber Co. 

United States Rubber Co. 

BAROGRAPHS *“AND BA. 
ROMETERS 


Green, Henry J. 

Haustetter, A. 

Sussfield & Lurch 

Taylor Instrument Companies 


BEARING METALS 
Aneiore are Co. 
Fahrig M 

Levett, Walker M. Co. 
Myers, J. J. 


BUSHINGS 


Bound Brook Oil-Less Bearing Co, 


CARBURETORS 


Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler and Schebler 
Zenith Carburetor Co. 


CLOCKS AND WATCHES 


Chelsea Clock Co. 
Depollier, J., & Son 
Waltham Watch Co. 


CLOTHING 


Abercrombie & Fitch 
Rogers, Peet & Co. 
Sanders Co. 

Spalding, A. G., & Bros. 


COMPASSES 
Ss yroscope Ce. 
Taylor Instrument Companies 


DOPE AND VARNISH 


Adams & Biting Co, 

Am 

Chemical Products Co. 
Conover, The C. E., Co. 
DuPont Chemical Works 
Flexible Compound Co. 
Harland, Wm., & Son. 
National Aeroplane Co. 
Perry-Austen Co. 

Pratt & Lambert 
Standard Varnish Works 
Valentine & Co. 

Weeks & Co. 


DRIFT INDICATOR 


Sperry Gyroscope Co. 

DRY KILNS 

Cutler Dry Kiln Co. 

Grand Rapids Veneer Werks 


DYNAMOMETER 
Sprague Dlectric Works 


ENGINE PARTS 
Akimoff, N. W. 

Allegheny Forging Co. 
Barcalo Mfg. Co. 

Burd High Compression Ring Ce. 
Dallet, Thos. H. Co. 
Doehler Die Casting Co. 
Erie Specialty Oo. 

Fibre Finishing Co. 
Gifford, Leland Co. 

Gill, P, H., & Sons 
Hydraulic Pressed Steel Ce. 
Levett, Walker M., Co 
Park Drop Forge Co. 
Standard Parts Co. 


Williams, J. H., & Co. 
Whitman & Barnes Mfg. Ce. 
Wyman-Gerdon Co. 
ENGINEERING 

Automotive Engineering Oe. 
Ordnance Engineering Corp. 
White, J. G., Engineering Corp. 
FABRICS 

Courtrai Mfg. Co. 

Lamb, Finlay & Co. 

McBratney, Robt, & Co. 
Whitman, Clarence & Co. 
FIRE EXTINGUISHERS 
Fyr-Fyter Co.. The 
Johns-Manville Co., H. W. 
Pyrene Mfg. Co. 


GAGES 


Aeronautical Trade Directory 


AVIATION ANB ABROMAUTICAL ENGINEERING will furnish information and addresses of all companies listed below. Names of 
this issue are printed in heavy face type. 


GOGGLES 

Strauss & Buegeleisen 
Strong, Kennard & Nutt 
HOISTS 

Yale & Towne Mfg. Co. 


HANGARS 

American Bridge Co. 

Anchor Corrugating “Constr. Ce. 
Ashley Steel Bldg. Co. 

Austin Co. 


The 

Howell, Field & Goddard, Inc. 
Keasby & Mattison 
Milliken Bros. 
Praden, C. D. Co. 
Virginia Bridge & Iron Co. 
LIFE PRESERVERS 
Universal Safety Mattress Co. 
LUMBER 
Alcock Co., John L. 
American Balsa Corp. 
Chetham Lumber Co. 
Delatour, J. 
Dutton, A, ©. Lbr. Corp. 
Ludlow, Israel 

Mengel, C. C., & Bros. Co. 
LUMINOUS COMPOUND 
Cold Light Mfg. Co. 
Cummings, W. L., Chem. Co. 
Radium Dial Co. 
Radium Luminous Material Corp. 
MACHINERY, METAL WORK- 


ING 
Dalton Mfg. Corp. 
Defiance Machine Works 
Rogers ee Co, 
Warner & Swasey 


MACHINERY, Y, WOOD WORK- 


ING 
Defiance Machine Works 
Fox Machine Co. 
Machinery Merchants, Inc. 
Mattison, C. E., Machine Works 
Olney & Warrin 
Rogers Construction Co, 
MANIFOLDS 
Ajax Aute & Aero Sheet Metal Co. 
MAGNETOS 
Bosch Magneto Co. 
Berkshire Magneto Corp. 
Ericsson Mfg. Co. 
Remy Blectric Co, 
Splitdorf Blectrical Co. 
METALS 
Acieral Co. of America 
American Vanadium Co. 
Bethlehem Steel Co. 
Detroit Pressed Steel Co. 
Federal Pressed Steel Co. 
Garland Ventilator Co. 
Gueder, Paeschke o yrey Co. 


So-Luminum Mfg. Ce. 
MODEL AIRPLANES 
Ideal Aeroplane Supply Ce. 
Wading River Mfg. Co. 
me ay lg “agg 
Hendee M 

OILS AND TUBRICANTS 
Baker Castor Oil Co. 
Graphite Lubricant Co. 
Gulf Refining Co. 
Sheppard Ideal Oil Co. 
Standard Oil Co. 

Swan & Finch 


Texas Co. 

Vacuum Olli Co. 

PACKING 

Fibre Finishing Co. 
PHOTOGRAPHY 

Brock, Arthur, Jr. 

Herbert & Huesgen Co. 
PISTONS 

Levett, Walker M., Oe. 
PISTON RINGS 

American Piston Ring Co. 
PONTOONS 

Niagara Boat Co. 
Palmer-Simpson Corp. 
Welen Marine Equipment Ce. 
PROPELLERS 

American 1 peed & Mfg. Ce. 


Doyle, W. 
Hartzel Walnut *  _acrmen Co. 


Lang 
United States Aero Propeller Co. 
PYROMETERS = Co. 


Foxbere Oc., The, Ine. 
Moto-Meter Co. 

Shoro Instrument & Mfg. Ce. 
Taylor Instrument Companies 







RADIATORS 


El Arco a Ce. 
English & Mersick Co. 
Flexo Mfg. Co. 

Livingston Radiator Co. 
Rome-Turney Radiater Oe. 


RIVETS 
Edwin B. Co. 


Stimpson, 
SCLEROSCOPE 
Shore Instrument & Mfg. Ce. 
SHEET METAL FITTINGS 
Rogers Construction Co, 
SHOCK ABSORBERS 


Dural Rubber 

General Rete Cecds Co. 

Russell Mtg. Ce. 

Wood, J. W. Elastic Web Ce. 

SPARK PLUGS 

Champion Ignition Ce. 

Johns-Manville Co., H. W. 

Pyro Ignition Co. 

Rajah Auto Supply Co. 

Splitdorf Electrical Ce. 

SPEED INDICATORS 

Foxboro Co., The, Ine. 

Johns-Manville Co., H. W. 

Stewart Warner Speedemeter 
Corp. 

STABILIZERS 

Greene Aeronautical Ca. 

Martin =, | Stabilizer. 


Sperry 
STAMPINGS 


Lansing 
STARTERS 
Bijur Motor Lighting Co. 


ee 
Dayton Engineering Laboratories 
Cc 


& Teel Ce. 


0. 
Motor Compressor Co. 
Northeast Electric Co. 
Wagner-Hoyt Bilectric Ce. 
TACHOMETERS 
Johns-Manville Co., H. W. 
Nelson Blower & Furnace Ce, 
Queen-Gray Co. 
Stewart Warner Speedometer Cerp. 
Veeder Mfg. Co. 


TANKS 
Janney, Steinmetz & Ce, 


THERMOMETERS 

Foxboro Co., The, Inc. 
Moto-Meter Co. 

Taylor Instrument Companies 
TIRES AND RUBBER 


Browne & Sharpe 
Hall-Scott Moter Oar Oe. 
Hammacher, Schlemmer e Cc. 


TRUCKS AND TRAILERS 

Federal Motor Truck Ce, 

Four Wheel Drive Aute Co, 

Nash Motors Co. 

Packard Motor Car Ce, 

Sechler & Co., The 

Service Motor Truck Ce. 

White Co. 

TUBING 

Empire Art Metal Oe. 

Frasse, Peter A., & Ce. 

Pearsylvania Fiexible Metaliie 
Tub’ Ceo. 

TURNBUCKLES 

Dayton Metal eae Ceo. 


New York & Hagerstown Metal 
Stamping Co. 
Screw Oc. 


American Steel and Wire Ce. 
Century Telephone 


Co. 
Electric Cable Co. 
Roeb 's, John A., Sons 
Simplex Wire and Cable Ce. 
WIRELESS 


Amertean Radice & Research Corp. 
Amertean Wireless Teil. Co. 
Cutting & Washington. 
Creckor-Wheeter Ga. 
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D’ORCY’S AIRSHIP MANUAL 





An International Register of Airships, with a Compendiun 


of the Airship’s Elementary Mechanics 
By Lapistas p’Orcy, M. S. A. E. 


Passed by the Committee on Public Information 


This volume is the result of a me- 
thodical investigation extending over a 
period of four years in the course of 
which many hundreds of English, 
French, Italian, German and Spanish 
publications and periodicals dealing 
with the present status as well as with 
the early history of airships have care- 
fully been consulted and digested. It 
has thus become possible to gather un- 
der the cover of a handy reference- 
book a large amount of hitherto widely 
scattered information which, having 
mostly been published in foreign lan- 
guages, was not immediately available 
to the English speaking public. 


The information thus gathered is 
herewith presented in two parts; one 
being a compendium of the elementary 
principles underlying the construction 
and operation of airships, the other 
constituting an exhaustive, but tersely 


worded register of the world’s airship- 
ping which furnishes, whenever avail- 
able, complete data for every airship of 
500 cubic meters and over, that has 
been laid down since 1834. Smaller 
airships are listed only if they embody 
unusual features. 


It has been attempted to furnish 
here the most up-to-date information 
regarding the gigantic fleet of airships 
built by Germany since the beginning 
of the Great War, a feature which may, 
in a certain measure, repay the reader 
for the utter lack of data on the Allies’ 
recent airship constructions, which had 
to be withheld for military reasons. A 
revised and enlarged edition of d’Orcy’s 
Airship Manual, in which all the air- 
ships built during the Great War will 
be listed and their features duly dis- 
cussed, will be issued upon the termina- 
tion of the war. 





Oblong, 914 x 614 inches. Over 150 illustrations. Price $4.00 Net 
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THE GARDNER-MOFFAT CO., Inc. 


120 WEST 32D STREET 


NEW YORK CITY 
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TURNBUCKLES 


We Manufacture the Following Type Aeroplane Turnbuckles 





Standard Type 


No. 1 Female, Short A-1518 No. 2 Female, Long A-1520 
No. 1 Male, Short A-1522 No. 3 Male, Long A-1524 


Curtiss Type 





326 Short, Male 327 Long, Female 
326 Short, Female 327 Short, Female 
326 Long, Female 328 Long, Female 
327 Long, Male 329 Long, Female 











The Dayton Metal Products Company 


DAYTON, OHIO, U.S. A. 
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We offer the following Aviation 
Equipment for sale: 





Yas or 








Martin Type Model S Seaplane. This machine is equipped with 
the well known Hall-Scott A-5a 150 H. P. Engine. The Seaplane is a 
two-place tractor biplane, equipped with single round-end pontoons, 
with auxiliary wing tip and tail pontoons. 


Controls—Dual—*“‘ Three in One.” 


Equipment—Four full sets of Standard Instruments and Acces- 
sories. 


This Seaplane is of the type recently furnished the Holland Gov- 
ernment. The Plane has never been put in actual service. The engine 
has seen but very limited service; it is in excellent condition, having 
been thoroughly overhauled in the Hall-Scott Factory, and has passed 
the U. S. Government Inspectors’ test. 


Three Hall-Scott A-5 Engines, 125 H. P. 6 cylinder, vertical, water- 
cooled type. These engines have been thoroughly overhauled in the 
Hall-Scott Factory and are in excellent running condition. They are 
complete in every particular. 


Detailed specifications of the above equip- 
ment will be furnished on application. 


An unusual opportunity is offered here to secure some very high 
grade equipment, all in excellent condition, at most attractive prices. 


WRIGHT-MARTIN AIRCRAFT CORPORATION 


New Brunswick, N. J. 
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Where the Slightest F law Invites Destruction 


nificant that most aircrafts, now made, em- 
body Hess-Bright Ball Bearings in their con- 


N the aeroplane—that creation of human 

ingenuity—we find the finest parts and 
materials. No effort is spared in securing 
mechanical perfection. Especially, in the 
Selection of bearings, unusual care is exer- 
cised, for here the slightest flaw invites almost 
certain destruction and loss of life. It is sig- 


struction. Having been tested by every 
conceivable method and proven unsurpassed 
in accuracy and reliability, Hess-Bright Ball 
Bearings are demanded by every industry 
requiring bearings of superior quality. 











"Where ‘Performance takes ‘Preference over Price © 
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